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1T h e  w o rk  d escrib ed  in  th is  thes is  a ttem p ted  to  in tro d u c e
fu n c tio n a lity  in to  n o n -a c tiv a te d  positions in  re a d ily  ava ilab le  s te ro id s .
S ection  3 .1  describes th e  ceric  ammonium n it ra te  ( C A N )  o x id a tio n  o f
2 5 -h y d ro x y -5 a - la n o s t-8 -e n -3 8 - y l  a ce ta te . O x id a tio n  m ain ly  occurs at
th e  a lly lic  positions and th is  was con firm ed  b y  th e  C A N  o x id a tio n  o f
5 a - la n o s t-8 -e n -3 f3 -y l ace ta te . A n  in te re s tin g  n itro g e n o u s  com pound was
p ro d u c e d  in  w h ich  the  s ta r t in g  m ateria l in c o rp o ra te d  th e  so lven t
a c e to n itr i le . C AN o x id a tio n  of 2 4 (R ,S ) -h y d r o x y -5 a -c h o le s ta n -3 $ -y l
aceta te  gave on ly  d e h y d ra tio n  p ro d u c ts . Section  3 .4  d escrib es  the
fu n c tio n a lis a tio n  of th e  C- 30  m eth y l g roup  in  7 c rh y d ro x y -5 o r la n o s ta n -
3f3-y l aceta te  u s ing  vario u s  re a g e n ts . Long ra n g e  fu n c tio n a lis a tio n ,
u s in g  ra d ic a l re la y  ch lo rin a tio n s  developed  b y  B re s lo w , was a ttem p ted
on th e  b ile  acid d e r iv a t iv e , 3 -p y r id y lm e th y l 3 a -a c e to x y -5 8 -c h o la n -2 4 -
oa te . C h lo rin a tio n  m ain ly  o c c u rre d  at the  C -1 4  t e r t ia r y  p o s itio n .
C rO ^  oxid atio n s  of 5 a -a n d ro s ta n -3 8 _y l acetate  and 5 c rc h o le s ta n -3 8 -y l
ace ta te  w ere  p e rfo rm e d  in  o rd e r to com pare th e  s e le c tiv ity  of th e
o x id a tio n s . 5 c rC h o le s ta n -3 3 -y l acetate  p ro d u c e d  d e g ra d e d  s te ro id s
14
w hereas  5 c ra n d ro s ta n -3 $ -y l acetate  gave th e  re p o r te d  A -1 6 -k e to n e  as 
th e  m ajor p ro d u c t.
Section  1: In tro d u c tio n
Rem ote F u n ctio n a lisa tio n
Remote fu n c tio n a lisa tio n  was in tro d u c e d  b y  B reslow  in  1969^ 
and in v o lv e s  g en era tio n  o f a fu n c tio n a l g roup  at a s ite  too rem ote from  
e x is tin g  fu n c tio n a l groups fo r  th e  co n ven ien t use o f "norm al" ava ilab le  
re a c tio n  m ethods. In  th is  w o rk , B reslow  in it ia te d  a p ro g ram  to  
in tro d u c e  c e rta in  enzym atic  p rin c ip le s  in to  the  d es ign  o f spec ific  
o rg a n ic  fu n c tio n a lis a tio n  re a c tio n s . T h e  essen tia l id e a  was th a t th e  
s e le c t iv ity  o f enzym atic  reac tio n s  is d e term in ed  in  a la rg e  p a r t  b y  
geom etric  dem ands of th e  re a g e n t, r a th e r  th a n  b y  th e  in tr in s ic  
re a c t iv ity  p a tte rn  o f th e  s u b s tra te . Enzym es a re  able to  c a r ry  out 
some re m a rk a b ly  se lec tive  re a c tio n s , fo r  exam ple , in  th e  m a n u fa c tu re  o f 
co rtic o s te ro id s  in d u s tr ia l ly ,  the  o xyg en  atom in  r in g  C is commonly 
in tro d u c e d  b y  m icrob io log ical fe rm e n ta tio n .
O
Rhizopus
nigricans
CORTISONE
3T h e  h ig h  s e le c tiv ity  of enzym atic  processes makes th is  a v e r y  e ff ic ie n t
and  se lec tive  o x id a tio n  o f an o th erw ise  u n a c tiv a te d  p o s itio n  in  th e
s te ro id . T h is  is in  m arked  c o n tra s t to  th e  u su a l s y n th e tic  chem ical
s ty le ,  in  w h ich  fu n c tio n a l g roup  m an ipu la tion  is  used to  a d ju s t the
s u b s tra te  re a c t iv ity  so as to p ro d u ce  the  d e s ire d  r e s u lt ,  p e rh a p s  even
w ith  re s o r t  to  more b ru ta l chem ical co n d itio n s . In  th e  p a s t, th e  e ffec ts
o f p ro x im ity  h ave  led  to  se lec tive  a tta c k  on u n a c tiv a te d  and o th erw ise
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u n re a c tiv e  chem ical p o s itio n s . T h e  B a rto n  re a c tio n , fo r  exam ple , 
in v o lv e s  th e  p ro d u c tio n  o f a re a c tiv e  heteroatom  ra d ic a l in  a m olecule  
w h ich  th e n , b y  in tra m o le c u la r a tta c k  on a h y d ro g e n  atom located  s ix  
atoms aw ay , in it ia te s  fu n c tio n a lisa tio n  o f a po s itio n  w h ich  is not 
chem ically  a c tiv a te d  in  th e  u su a l sense. H o w e v e r, in  B res low 's  
m ethods, a fu n c tio n a l g roup  w ith in  th e  s u b s tra te  is  used  to  a tta c k  a 
p a r t ic u la r  atom . F u rth e rm o re , th e  e n tro p y  fa c to r  fa v o u rs  in tram o lecu la r  
o v e r  in te rm o le c u la r a tta c k . T h e re fo re , i t  seems possib le  to  c a r ry  out 
a d ire c te d  a tta c k  on a p a r t ic u la r  atom , p ro v id e d  th e  re a g e n t and  
s u b s tra te  (one m olecule) a re  h e ld  fa ir ly  r ig id ly  so th a t  th e  process is 
n o t h o p e less ly  im p ro b ab le . T h u s , a process in  w h ich  a r ig id  re a g e n t  
is  a ttach ed  to  a s u b s tra te , a llow ing d ire c te d  fu n c tio n a lis a tio n  o f th a t  
s u b s tra te  a t a re la t iv e ly  la rg e  d is tan ce  from  th e  p o in t o f a ttach m en t, 
has been  te rm e d  "rem ote ox id atio n " b y  B re s lo w .
41* 1 Rem ote O x id a tio n  o f S te ro id s  b y  P ho to lys is  o f A tta c h e d
3 4 5 6 7 B enzophenone G roups * * * *
T h e  reag en ts  w h ich  w ere  e x p lo re d  in  d e ta il a re  d e r iv a t iv e s  of 
benzophenone w h ich  c a r ry  c a rb o x y l g ro u p s , so th a t  th e y  can be  
te m p o ra r ily  a ttach ed  to  s te ro id a l alcohols as e s te rs . O n ir ra d ia t io n ,  
th e  benzophenone is  e x c ite d  to its  t r ip le t  s ta te , in  w h ich  th e  o xyg en  
atom is capable of a tta c k in g  u n a c tiv a te d  C -H  b o n d s . T h is  p rocess was 
f i r s t  e x p lo re d  using  f le x ib le  s u b s tra te s ,^  b u t such a p ro c e d u re  
in tro d u c e s  a num ber o f specia l d if f ic u lt ie s  because o f th e  random ness of 
th e  in it ia l ly  a tta c k e d  p o s itio n . T h e  b e n zo p h e n o n e -4 -a c e tic  acid  e s te r  
o f 5 a -c h o le s ta n -3 a -o l (1 ) g ives s tr ik in g ly  spec ific  s te ro id  fu n c tio n a l­
is a t io n . Photochem ical d eh y d ro g e n a tio n  is d ire c te d  e x c lu s iv e ly  in to  r in g  
D , a ffo rd in g  th e  A ^  o le fin  (2 )  (55% y ie ld  ) , ^  in  w h ich  th e  double  bond  
is  q u ite  rem ote from  th e  o r ig in a l fu n c tio n a lity . Iso to p e  la b e llin g  
s tu d ie s  show th e  re a c tio n  sequence (see p .  6 ) .  M o lecu lar models are  
co n s is ten t w ith  th is  p ro cess , w h ich  is  n o t on ly  re g io s p e c ific  in  its  
in tro d u c tio n  o f th e  14,15 double b o n d , b u t  also s te reo sp ec ific  in  
re s p e c t o f th e  h y d ro g e n  atom i t  rem oves at C -1 5 . T h e  s e le c t iv ity  is  
in d u c e d  b y  th e  geom etry  o f th e  system , s p e c ific a lly  th e  m atch ing  o f 
C -3  o x y g e n  to  C -1 4  h y d ro g e n  d is tan ce  in  th e  p a re n t s u b s tra te  w ith  
th e  c a rb o n y l-to -k e to n e  d is tan ce  in  th e  a tta c h e d  re a g e n t . O th e r  
p ro d u c ts  id e n tif ie d  w ere  tw o lactones (3  and  4) fo rm ed  b y  rem oval o f 
h y d ro g e n  atoms a t C -7  and C -1 2  and  co u p lin g  o f th e  re s u lt in g  
d ira d ic a ls .
5OH
CH CH
H
1 2
OO
CH CH
OH OH
3 4
6R eaction  Sequence
CH CH
OH
7L o n g e r chain  benzophenone re a g e n ts  w ere  exam ined  m ain ly  
b y  B res low  e t a l. In  w o rk  analogous to th a t  o f B re s lo w , B a ld w in
g
e t a l. fo u n d  th a t w ith  the lo n g er chain  re a g e n t o f com pound 5, a tta c k  
was seen on an even  more rem ote h y d ro g e n  at C -1 7 , a lth o u g h  th e  
f le x ib i l i ty  o f th e  l in k  s t il l  p e rm itte d  some a tta c k  a t C -1 4 .
O
o
IIc;c h
14  16
A + A
in  
53%
In  a n o th er s t u d y t h e  h y d ro g e n -b o n d e d  com plex 6 (w ith  
tw o h y d ro g e n  b o n d s , in  n o n -p o la r  m edia) u n d e rw e n t ra th e r  se lec tive  
a tta c k  on p h o to ly s is , b u t due to re s id u a l freedom  o f m otion in  the  
re a g e n t-s u b s tra te  com plex, th is  led  to some random ness o f a tta c k .
H O ^
C C
h v
sap o n ifica tio n‘oh  J '
3) d e h y d ra tio n
4) O s / M e 2S
o oA
(CH2)o
A -50% un  fu n c tio n -  
a lised  s te ro id
-20% 3. 3 : 1 . 0  m ix tu re
A -5 c ra n d ro s ta n -  
170-o ls
7
1) hv
2) P b ( 0  Ac)  ^ /h y d ro ly s is
B enzophenone A tta c h e d  to G roups on R in g  D
When th e  b en zo p h en o n e -4 -h exan o a te  (7 )  o f 5 a -a n d ro s ta n -1 7 3 ~  
ol was p h o to lysed  in  1 , 1 , 2- t r if lu o ro tr ic h lo ro e th a n e , an in tra m o le c u la r  
fu n c tio n a lis a tio n  reac tio n  o c c u rre d . In  ( 7 ) ,  th e  e s te r  is  o r ig in a lly  on 
th e  3_side o f th e  s te ro id , b u t i t  is able to c u r l u n d e r and  p e rm it the  
benzophenone to a tta c k  th e  a -fa c e .
can ev e n  be ach ieved  on th e  s te ro id  3 -fa c e . F o r exam ple 6 3 “ (3 '-b e n z o y l-  
p h e n y l)a c e to x y -3 a , 5a-cyclocho lestane ( 8 ) was p re p a re d  from  th e  p a re n t  
6 3 - 0I  ( " i-c h o le s te ro l" ) and m -b e n zo y lp h e n y l acetic  a c id , th e n  ir ra d ia te d .
9
H o w e v e r, re c e n t w o rk  has shown th a t rem ote fu n c tio n a lis a tio n
9
10
A f te r  ca. 6h , two unstab le  p h o to -p ro d u c ts  w ere  fo rm ed , w h ich  w ere  
d ire c t ly  re d u c e d  b y  L A H , a c e ty la te d , and d e h y d ra te d  b y  th io n y l 
c h lo r id e ; th e n  successive r u th e n iu m (V II I )  ox ide  c leavage and  acid  
tre a tm e n t a ffo rd e d  1 5 -ke to ch o les te ro l. T h e  ach ievem ent o f th is  
s e le c t iv ity  p ro b a b ly  re fle c ts  the  a b ility  o f th e  s ta r t in g  m a te ria l to adopt 
th e  fo llo w in g  conform ation:
O
i . e . th e  a -b o n d  of 15 $ -H  can easily  be made cop lanar w ith  th e  b en zo ­
phenone c a rb o n y l.
In  a ll these cases m entioned , th e  re s id u a l freedom  o f m otion  
in  th e  re a g e n t-s u b s tra te  "complex" may lead  to some random ness o f 
a tta c k . M o re o v e r, the  o th e r d if f ic u lty  is  th a t  benzophenone p h o to ­
c h e m is try , w ith  a quantum  y ie ld  o f ca. 0 . 2  is no t a t tra c t iv e  fo r  la r g e -  
scale s y n th e tic  w o rk .
R e c e n tly , Suginome e t a l . 10 have re p o rte d  a tw o -s te p  lo n g -  
ra n g e  in tra m o le c u la r h y d ro x y la tio n  of th e  C - 25  p o s itio n  in  th e  c h o le s t-  
ane side ch a in . T h e  reac tio n  was based on lo n g -ra n g e  in tra m o le c u la r  
( 1 , 2 0  H -a tom  tra n s fe r )  h y d ro g e n  a b s tra c tio n  b y  a lk o x y  ra d ic a ls  
g e n e ra te d  b y  ir ra d ia t io n  o f h yp o io d ite s . T h u s , 5cx-cholestan-7oc-yl- 
4- ( h y d ro x y p h e n y lm e th y l)p h e n y l acetate  was p re p a re d  b y  re d u c tio n  o f
11
SCHEM E 1
OH
HgO / l2 / hv
4.3% ( R )  or  ( S )  at  C *
%
3 . 8% ( R )  or  ( S )  at  C
th e  c o rresp o n d in g  benzophenone d e r iv a t iv e . T h e  m ix tu re  o f ep im eric
e s te rs  was co n v e rte d  to the hypo iod ites  us ing  3 e q u iv . o f H g O / ^ -
T h e  so lu tio n  was th en  ir ra d ia te d  fo r  7h to g ive  the  m acrocyclic  e th e r
la c to n e s , as shown (Scheme 1 ) ,  w hich can be c le a r ly  re d u c e d  to 5or
c h o le s ta n e -7 a ,2 5 -d io l using  N a / N H ^ ^ .  T h e  same g roup  have also
deve lo p ed  a o n e-s tep  p ro c e d u re  fo r  in tro d u c in g  a c a rb o n y l g ro u p  in to
th e  C -1 5  po s itio n  o f a 5a -an d ro s tan e  ske le ton  in  20% y ie ld  ^  and in to
12a 5a~cholestane skeleton  in  12% y ie ld . B oth  reac tio n s  in v o lv e  lo n g -
ra n g e  in tra m o le c u la r h yd ro g e n  a b s tra c tio n  v ia  b e n z h y d ry l a lk o x y
ra d ic a ls . When 5 a -c h o le s ta n -3 a -y l-4 - (h y d ro x y p h e n y lm e th y l)p h e n y l
ace ta te  (Schem e 2) was sub jected  to the  lo n g -ra n g e  h y d ro x y la tio n
co n d itio n s , th e  exp ected  15-ketone was p ro d u ced  in  12% y ie ld , to g e th e r
w ith  a m acrocyclic  e th e r  lactone w ith  a re a rra n g e d  s te ro id  ske le ton
o b ta in e d  in  8% y ie ld . T h e  mechanism th ro u g h  w h ich  th e  m acrocyclic
e th e r  lactone and the  ketone are  p ro d u ced  is  o u tlin e d  in  Scheme 3.
T h e  a lk o x y  ra d ic a l g en era ted  from  th e  hyp o io d ite  b y  ir ra d ia t io n
a b s tra c ts  th e  C -1 4  h yd ro g en  to g ive  the  C -1 4  ra d ic a l. O n e -e le c tro n
+ 14o x id a tio n  and loss o f H gives the  A - in te rm e d ia te . T h e  ex is ten ce  of 
th is  in te rm e d ia te  A ^ -a lk e n e  was p ro v e d  b y  the  fa c t th a t b o th  the  
m acrocyc lic  e th e r  lactone and 15-ketone  (Schem e 3 ) w ere  o b ta in ed  w hen  
th e  in te rm e d ia te  a lkene was exposed to  the h y d ro x y la tio n  c o n d itio n s .
R eaction  o f the A 14-a lk e n e  w ith  io d o xy  ra d ic a l ( 1 0 ' )  fo llow ed  
b y  o n e -e le c tro n  ox id atio n  of th e  re s u lt in g  C -1 4  ra d ic a l, g ives th e  
1 4 $ -H  1 5 -ke to n e . H o w ever, lo n g -ra n g e  in tra m o le c u la r ad d itio n  o f th e  
a lk o x y  ra d ic a l to the  c a rb o n -c a rb o n  double bond can also o c c u r, 
fo llow ed  b y  o n e -e le c tro n  oxid atio n  to g ive  th e  C -1 4  carbonium  ion w hich
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SCHEME 2
both R and S
O OH
C H
H
HgO / l2 / hv
O
CH CH
H
1 2 % 8%
SCHEME 3
C ftH8n 17
OH
CqH8n 17
Hg 
- e
2+
-H
C ftH8n 17
>
C8H17


can u n d e rg o  W ag n er-M eerw ein  re a rra n g e m e n t to  g ive  th e  m acrocyclic  
e th e r  lac to n e .
1- 2 S e le c tiv e  H alogenation  of S tero id s  U sing  A tta c h e d  A r y l  Io d id e  
T em p la tes^
In  a search  fo r  a su itab le  r ig id  fre e  ra d ic a l h a lo g en a tin g  a g e n t,
B res low  was d raw n  to p h e n y lio d in e  d ic h lo r id e , w h ich  has g re a t s e le c tiv ity
14fo r  te r t ia r y  h y d ro g en s  com pared w ith  secondary  o r p r im a ry  C -H  b o n d s .
U n a tta c h e d  P h IC & 2
A s h o rt s tu d y  o f the  s e le c tiv ity  o f u n a ttach ed  p h e n y lio d in e
d ic h lo rid e  in  s te ro id  fu n c tio n a lisa tio n  was u n d e rta k e n . H o w e v e r,
P h IC &2 w ith  vario u s  s tero ids  in  n o n -aro m atic  s o lv e n ts , such as
gave no ap p rec iab le  amount o f ha logenation  o f the  s te ro id  w hen th e  fre e
ra d ic a l process was in it ia te d  b y  p h o to ly s is . I t  was th o u g h t th a t  P h IC &2
was u n d e rg o in g  a lig h t- in d u c e d  se lf-d eco m p o s itio n . S te ro id s  can be
h a lo g e n a te d , h o w ever, using  arom atic so lvents such as benzene  o r
ch lo ro b en zen e . F o r in s ta n c e , 5 a -c h o le s ta n -3 B -y l aceta te  was halogenated
la rg e ly  a t carbons 9 and 14, d em onstra ting  a tta c k  on te r t ia r y  ot-
h y d ro g e n s , sp ec ifica lly  those ax ia l on 6-m em bered  r in g s  aw ay from  any
p o la r  s u b s titu e n ts . I t  was th is  p o la r e ffe c t th a t  B res low  used to d ire c t
h a lo g e n a tio n , w ith  such a random  re a g e n t, s p e c ific a lly  in to  th e  C -9
p o s itio n  o f an d ro s tero n e  tr if lu o ro a c e ta te  ( 9 ) ,  re s u lt in g  in  th e  in t ro d u c t -
15
ion  o f th e  s y n th e tic a lly  im p o rta n t 9 (1 1 ) double b o n d .
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9-CHLORO
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v
o
HO'
41%
A tta c h e d  A r y l  Io d in e  D ich lo rid es
T h e  m -iodobenzoate e s te r of 5a~ch o les tan -3a -o l was p re p a re d ,  
and  on re a c tio n  w ith  C J^ in  th e  d a rk  gave th e  a ttach ed  io d o d ich lo rid e  (1 0 )  
B r ie f  ir ra d ia t io n  w ith  a sunlamp in it ia te d  a f re e -ra d ic a l chain  re a c tio n  
(Schem e 4 ) .  T h e  p ro d u c t o f the  reac tio n  was fou n d  to be e x c lu s iv e ly  
c h lo r in a te d  at C -9  o f th e  s te ro id ; base h y d ro ly s is  rem oved  the  m -io d o -  
benzo ic  a c id , and p ro d u ced  the  9( 1 1 )-u n s a tu ra te d  s te ro id  in  43% y ie ld
a f te r  a c e ty la tio n . H o w ever, 35% of 5o rch o les tan -3o ro l was re c o v e re d  (as
14 5ac e ta te ) in  a d d itio n  to 9% o f A -5a~cho lestanol along w ith  2% o f A -o le fin ic
p ro d u c ts . A n d ro s tan e  was in c lu d e d  in  th is  re a c tio n  as a c o n tro l. I t  was
h a lo g en ated  to the  e x te n t of 20%, th e re fo re  in te rm o le c u la r ha logenations
a re  accom panying the  se lec tive  in tram o lecu la r p ro cess . T h is  re s u lt  was
ex p e c te d  from  an exam ination o f m olecular models o r from  a ca lcu la tion
of d is ta n c e s , since the a ttached  ch lo rin e  atom of 11 can be located
19
SCHEME 4
Ml X
20
HO
21
d ire c t ly  u n d e r  th e  C -9  h y d ro g e n . A lso , a f te r  h y d ro g e n  a b s tra c tio n ,
th e  in te rm e d ia te  ra d ic a l 12 m ust collide w ith  a second mole o f s u b s tra te
(1 0 ) to  com plete th e  c h lo rin a tio n  and re g e n e ra te  in te rm e d ia te  11.
T h e  jD -iodophenylacetate  o f 5a-*cholestan-3a-o l w hen  c o n v e rte d  to  its
d ic h lo rid e  (1 3 ) and subm itted  to fre e  ra d ic a l in it ia t in g  cond itions
15p e rfo rm e d  se lective  c h lo rin a tio n  at C -1 4  as p re d ic te d .
HO
1 71 3
O
I  Cl
2
22
R ad ica l R e lay  C h lo rin a tio n  u n d e r Tem plate  C o n t r o l 13 , 17
T h is  mechanism generates  species 11 b y  e x te rn a l t r a n s fe r  of 
a c h lo rin e  atom to the a ry l iod ide its e lf ,  thus  b y -p a s s in g  th e  n ecess ity  
fo r  th e  p re p a ra tio n  o f an a ry lio d in e  d ic h lo r id e . T h is  ch lo rin e  atom 
cou ld  th e n  be re la y e d  to the c o rre c t h y d ro g e n  atom of th e  s u b s tra te .
T h e  m -iodobenzoate  group of 14 w ould have th en  a c te d , no t as a 
re a g e n t , b u t  as a tem plate in  d ire c tin g  the  a tta c k . In  th is  ra d ic a l 
re la y  m echanism , ha logenating  agents can be u s e d , such as C & 2 >
S O 2C & 2 > an<  ^ P h lC J ^ * ch lo rin e  atom donors d e r iv e d  from  these
re a g e n ts  w ould  b e , re s p e c tiv e ly , C £ * ,  S C ^C JT , and  P h IC £ ‘ . O ne of 
th ese  w ould  th en  approach the  s u b s tra te  (1 4 ) and t ra n s fe r  th e  
c h lo rin e  to 14 so as to g en era te  th e  species 11. T h e  e x te rn a l h a lo g en ­
a tin g  ag en t thus  in vo lves  an ad d itio n a l step w hen com pared to the  
a tta c h e d  a ry lio d in e  d ich lo rid e  m echanism . T h is  tw o -s te p  process is 
h o w e v e r p re fe r re d  since th e re  is  an e n tro p y  ad van tag e  s im ila r to  th a t  
possessed b y  m any h y d ro ly tic  enzym es, in  th a t th e y  do n o t use a 
w a te r  m olecule to a tta c k  the  s u b s tra te  d ire c t ly  b u t ,  in s te a d , use an
en zym atic  g roup  to make an in te rm e d ia te , and th en  h y d ro ly s e  th a t
18in te rm e d ia te  in  a second s te p . W elzel et a l. have  shown th a t w hen
5 a -c h o le s ta n -3 a -y l g y iodophenylacetate  (15 ) is used u n d e r ra d ic a l re la y
c o n d itio n s , th is  re s u lts  in  an 80% y ie ld  o f 16 w ith o u t th e  need fo r
s u b seq u en t base h y d ro ly s is . T h is  y ie ld  is much h ig h e r  th a n  p re v io u s ly
13re p o rte d  b y  B reslow  and c o -w o rk e rs . H o w e v e r, th e  la t te r  re s e a rc h
g ro u p  em ployed as s u b s tra te  the  a ttach ed  d ic h lo rid e  and th e n  used
base h y d ro ly s is  to  p erfo rm  sapon ification  and d e h y d ro c h lo r in a tio n ,
14
th u s  c h a ra c te r is in g  the  p ro d u c t as the A -o le fin  ( 1 7 ) .
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A 1) P h IC £ 2 /h r  
2) D B U
U n d e r ra d ic a l re la y  conditions 5 a -c h o le s ta n -3 a -y l ]D-iodo- 
b en zo ate  (1 8 ) gave no s te ro id  fu n c tio n a lis a tio n . Models have  shown  
th a t  th e  ^ -io d o b en zo ate  e s te r is h e ld  in  a V -s h a p e  and th a t th e  
c h lo rin e  atom a ttach ed  to the iod ine  cannot reach  th e  s te ro id . A lso , 
th e  o -iodobenzoate  o f 5 a -c h o le s ta n -3 a -o l (19 ) d id  n o t u n d e rg o  an y  
fu n c tio n a lis a tio n  due to s te ric  crow d ing  w h ich  p re v e n te d  th e  adoption  
o f a re a c tiv e  conform ation .
a  h
o
1 8
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HO
T h e  9( 11) -o le fin s  p ro d u ced  b y  se lec tive  h a lo g en atio n  and
s u b seq u en t d e h y d ro c h lo rin a tio n  a re  o f g re a t in te re s t  in  th e  s yn th es is
o f c o rtic o s te ro id s . B reslow  has used the te m p la te -d ire c te d  ra d ic a l-
13 15re la y  re a c tio n  to ad van tag e  in  the  s yn th es is  of co rtisone  ' ( 2 0 ) .
T h e  17a-m -iodobenzoate  (21)  was p re p a re d  a n d , u n d e r  ra d ic a l re la y  
c o n d itio n s , ha logenation  at C~9 o c c u rre d . T h is  same tem plate  also  
prom oted  halogenation  at C -9  w hen a ttach ed  to C - 3 ;  in  b o th  cases the  
tem p la te  has to b r id g e  one s ix -m em b ered  r in g  p lus  one e x tra  b o n d , 
th e re fo re  th e  geom etry of a tta c k  is s im ila r. F u rth e rm o re , th e  ra d ic a l 
re la y  p rocess g ives se lective  a tta c k  at the  u n a c tiv a te d  C~9 p o s itio n , 
ir re s p e c t iv e  o f s e v e ra l typ es  of fu n c tio n a lity  in  r in g  A .
OH
20
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O th e r  Tem plates
1) Su lp h u r  H eterocycles  as Tem plates ^
In  th e  course o f e x p lo rin g  the  ra d ic a l re la y  m echanism , th e
B res lo w  g roup  exam ined o th e r atoms capable o f b o n d in g  to halogen
atom s, p a r t ic u la r ly  s u lp h u r . T h u s , th e  d ip h e n y l su lp h id e  (22)  was
h a lo g en a ted  w ith  SC ^CJ^ u n d e r fre e  ra d ic a l cond itions in  good y ie ld .
H o w e v e r, th e  s u lp h u r atom is v e ry  eas ily  o x id ised  and fo r  th is  reason
sim ple d ia ry l  d isu lp h id es  are  no t o f p ra c tic a l v a lu e .
C a ta ly tic  m u ltip le  te m p la te -d ire c te d  s te ro id  c h lo rin a tio n  was
ach ieved  w hen a s ing le  th iophene tem plate  was a ttach ed  v ia  s ily l e th e r
21
bonds to th re e  s u b s tra te  molecules ( 2 3 ) .  T h e  re a c tio n  w ith  th is  
system  fu n c tio n a lises  a ll th re e  s u b s tra tes  as the tem plate  success ive ly  
d ire c ts  a tta c k  on each s te ro id  n u c le u s .
T h e  th io xan th o n e  r in g  system  [as in  ( 2 4 ) ]  is  a more stab le  
r ig id  tem plate  w h ich  can be recogn ised  as a d ia ry l su lp h id e  in  w h ich  
th e  a d d itio n a l c a rb o n y l group  s tro n g ly  deac tiva tes  th e  s u lp h u r  to w ard s  
o x id a tio n . H ence , in  the ra d ic a l re la y  c h lo r in a tio n , th e  C £  atom bound
26
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to  th e  S -atom  o f the tem plate can be d e liv e re d  to a g eo m etrica lly
accessib le  h y d ro g e n  of the  s te ro id . T h e  re s u lt in g  s te ro id  carbon
ra d ic a l th e n  reac ts  w ith  P h IC £ 2 to form  a C - C &  bond and to
22 23re g e n e ra te  P h l ' C A .  P rev ious  re p o rts  * o f th is  system  have  been
2 4 2 5re tra c te d  b u t ,  in  a co n firm ato ry  s tu d y , B reslow  and Guo
d em o n stra ted  b y  re p ro d u c ib le  exp erim en ts  th a t th e  th io x a n th o n e  is a
good tem p la te  fo r  ra d ic a l re la y  c h lo r in a tio n s .
28
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2) P y r id in e  Tem plates
25B reslow  e t a l. have shown th a t h e te ro c y c le s , such as
p y r id in e ,  can b in d  ch lo rin e  atoms and th en  d e liv e r  them  w ith  chem ical
and  geom etric  co n tro l. I t  has also been shown th a t th e  C& atom b in d s
27
to th e  p y r id in e  n itro g e n  w ith  a weak 3 -e le c tro n  a -b o n d . T h ese
p y r id in e  based tem plates are  p a r t ic u la r ly  prom is ing  because th e y  show
e x c e lle n t geom etric con tro l in  d ire c tin g  s te ro id  c h lo r in a tio n s . In d e e d ,
a p ra c tic a l ro u te  fo r dexam ethasone has been d e v is e d , based  on a
28n ic o tin ic  e s te r  tem p la te .
R ad ica l re la y  ch lo rin atio n s  of s tra ig h t-c h a in  alcohols (su ch  as 
dodecano l) as n ico tin a te  es ters  have been s t u d ie d .^  T h e  fin d in g s  
s u g g e s t th a t  th e  p y r id in e  cap tu res  a C £  atom and d e liv e rs  i t  to  an 
accessib le  h y d ro g e n , a lthough  the  f le x ib il i ty  o f the  cha in  causes a 
n u m b er o f positions to be a tta c k e d . H o w ever, th e re  was s ig n ific a n t  
p re fe re n c e  fo r  a tta c k  at C - 5 .  T h e  same n ico tin a te  tem plate  also 
d ire c ts  c h lo rin a tio n  at C~9 w hen a ttach ed  to e ith e r  0 3  o r 0 1 7  in  
s te ro id s  (F ig .  1 ) .  T h e  a tta c k  p o in t is again  fo u r carbons d is ta n t from  
th e  a ttach m en t p o in t, as in  the fle x ib le  chain  system .
C -9
2
F ig . 1 : F u n c tio n a lis in g  at C -9  us ing  n ico tin a te  e s te r  a ttach ed  at
0 3  o r 0 1 7 .
30
B ifu n c tio n a l Tem plates -  D ouble F u n ctio n a lisa tio n
F u n ctio n a lisa tio n  at bo th  C -9  and 0 1 7  w ould  be u s e fu l in  
th e  p ra c tic a l syn th es is  o f c o rtic o s te ro id s . C u r re n t  fe rm e n ta tio n  
m ethods fo r  the  d eg rad atio n  o f s ito s te ro l can p ro d u ce  com pounds  
h y d ro x y la te d  b o th  a t C -9  and in  the  side cha in . B reslow  and Guo 
h ave  exam ined th e  p o s s ib ility  of ach iev ing  a s im ilar co n vers io n  w ith  a
30
b ifu n c tio n a l tem plate  co va len tly  a ttached  at C - 3 a ,  b u t  des ig n ed  to  
d e liv e r  ch lo rin e  atoms to both  C -9  and C -1 7 .
N
T h e  b ip y r id in e c a rb o x y lic  acid  e s te r o f 5 ore holes ta n -3  or ol was 
p re p a re d  a n d , u n d e r ra d ic a l re la y  co n d itio n s , gave th e  9 , 1 7 -d ic h lo r in -  
ated  s te ro id  in  q u a n tita tiv e  y ie ld .
1. 3 G if  System
T h e  ex is tence  o f enzym atic  system s in  n a tu re  th a t  ca ta lyse  
th e  m onoxygenation  of n o n -a c tiv a te d  C -H  bonds p ro m p ted  B a rto n  to  
d evelop  a series  o f o x idan ts  based upon the  "G if System " w h ich  w ould  
s e le c tiv e ly  fu n c tio n a lise  s a tu ra te d  h y d ro carb o n s  u n d e r m ild  c o n d it io n s .'
T h e re  are  fiv e  v a ria n ts  o f the  G if system , shown in  F ig u re
2 .
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Com prises Fe pow der suspended in  p y r id in e /a c e t ic  acid  + 
o xyg en  or a ir .
C onta ins  ca ta ly tic  Fe species + Zn d u s t to p ro v id e  e lec tro n  
in p u t .
Is  the same as G if IV ,  b u t w ith  Zn re p la c e d  b y  the  
cathode o f an electrochem ical ce ll.
Uses p y r id in e /A c O H  w ith  s to ich iom etric  F e ^  species + KC^  
u n d e r a rg o n .
Uses p y r id in e /A c O H  w ith  c a ta ly tic  F e ^  species + H 2O 2 
u n d e r a rg o n .
F ig . 2 : V a r ia n ts  o f the  G if system .
T h e  G if I I I  system  re q u ire s  p y r id in e  in  th e  p resen ce  of
Fe p o w d e r, o xyg en  and a c a rb o x y lic  ac id , and i t  was shown th a t  th is
system  had  u nusua l o x id is in g  p o w er, i . e . th e re  was se lec tive  a tta c k  at
s e c o n d a ry , no t te r t ia r y  p o s itio n s . T h e  s e le c tiv ity  o f a ll G if system s
(sec .  >> t e r t . ~ p r im a ry ) can be e x p la in ed  b y  a com bination o f C -H
bond  s tre n g th s  (1 °  > 2° > 3°) and s te ric  res is tan ce  to  in s e rtio n
(3 °  > 2 ° > 1 ° ) .  T h e  balance n orm ally  favo u rs  th e  seco n d ary  p o s itio n s ;
in s e r tio n  in to  the  te r t ia r y  position  is seen on ly  w hen th e  C -H  bond  is
m a rk e d ly  exposed . W ork has shown th a t the  optimum te m p e ra tu re  fo r
re a c tio n  is ~30°C. Above 80°C  th e re  is no o x id a tio n , and below -2 0 °C
th e  re a c tio n  is v e ry  slow. In  the ox id atio n  o f adam antane b y  the  G if
2 3 2I I I  system , the  ra tio  o f C /C  , w here  C is the to ta l o f o x id ised
G if I I I :
G if  IV :
G if -O r s a y :
Go A g g 1 :
Go A g g 11:
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p ro d u c ts  a t th e  secondary  p os itions , and C is the  to ta l o f t e r t ia r y
alcohol fo rm ed , g iv in g  a m easure o f the s e le c tiv ity  o f the  re a c tio n .
T h u s , i f  adam antane is a ttacked  n o n -s e le c tiv e ly  th en  C ^ /C ^  = 12 /4  = 3.
2 3H o w e v e r, u n d e r the G if I I I  system  C /C  = 3 . 7  and fo r o xyg en  based  
2 3ra d ic a ls  C / C = 0 . 1 5 .  T h e re fo re , the  G if system  is se lec tive  fo r
seco n d ary  p o s itio n s . T h e  G if system  has also been a p p lie d  fo r  
33s te ro id s . In  th e  ox id atio n  of 3 $ ,5 ,6 f3 -tr ia c e to x y -5 a -c h o le s ta n e , th e  
th re e  m ajor p ro d u cts  w ere id e n tif ie d  as the  2 0 -k e to p re g n a n e  (12%),  
to g e th e r  w ith  th e  15 -ketone (7%), and 16-ketone  (6%),  re ta in in g  the  
cho lestane n u c le u s .
Ac O ’A c O
Ac O A c . Ac O A c
+
33
Com parison o f the q u an tities  of ox id ised  p ro d u c ts  o b ta in ed
from  a n u m b er o f s u ita b ly  fu n c tio n a lised  cholestane d e r iv a t iv e s  showed  
th a t  h y d ro x y l o r c a rb o n y l groups in  r in g  A d e a c tiv a te  the  r in g  tow ards  
o x id a tio n , and also th a t the presence of enone system s in  r in g  B 
d e a c tiv a te s  a ll s te ro id  r in g s , thus re n d e rin g  th e  side chain  su scep tib le  
to  s e le c tiv e  o x id a tio n . H o w ever, conform ational transm iss ion  e ffec ts  
cou ld  also c o n tr ib u te  to th is  s e le c tiv ity . Form ation  o f th e  2 0 -k e to -  
p re g n a n e  d e r iv a t iv e  as the major p ro d u c t in  the  G if system  o x id a tio n  
im plies loss o f a C -6  frag m en t or o th e r low m olecular w e ig h t m a te ria l. 
T h e  v o la tile  fra c tio n s  (o b ta in ed  b y  d is tilla tio n  o f th e  c ru d e  reac tio n  
m ix tu re )  w ere  exam ined b y  G C -M S . T h re e  m ajor compounds w ere  
d e te c te d  (F ig .  3 ) .
4 -h y d ro x y -4 -m e th y lp e n ta n a l
F ig . 3 ; V o la tile  p ro d u cts  from G if o x id a tio n  o f 3 3 , 5 ,  6 $ “tr ia c e to x y
2, 2 -d im e th y l-2 , 3 -d ih y d ro fu ra n
4, 4 -d im e th y l-^ -b u ty ro la c to n e
ch o les tan e .
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T h e  th re e  p ro d u c ts  are  a ll fu r th e r  ox id ised  form s of th e  exp ec ted  
4 -m e th y lp e n ta n a l and since th e y  a ll appear to conta in  an o xyg en
OHC
4-m eth y  1 p en t an al 
fu n c tio n  a t C - 2 5 ,  th e  fo llow ing mechanism has been  p o stu la ted :
OHC
*
OH
20-KETONE
OH
*
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T h e  2 5 -a lk o x y  ra d ic a l is p ro b a b ly  form ed v ia  a h y d ro p e ro x id e . A n
in tra m o le c u la r 1 ,5 -h y d ro g e n  s h ift  leads to the ra d ic a l c e n tre d  a t C - 2 2 ,
and fu r th e r  ra d ic a l ch em istry  leads to the  C -2 0  ra d ic a l w h ich  can be
o x id is e d  to the  2 0 -ke to n e .
T h e  G if system  is d if fe re n t  from  the cytochrom e P - 4 5 0 /
N A D P H /O ^  system  (th e  enzym atic system  resp o n sib le  fo r  a lkan e  h y d r o x -
y la tio n  in  liv in g  organism s) in  th a t i t  g ives ketones ra th e r  th a n  alcohols
and e ffe c ts  p re fe re n t ia l a tta c k  o f secondary  p o s itio n s . A  mechanism  
32has b een  proposed  to account fo r  these fa c ts . T h e  fo rm atio n  o f 
k eto n es  can be exp la in ed  b y  the p o stu la tio n  o f an iro n -c a rb e n e  b o n d .
OH
\  ^  y  /
C H 9 -------► Fe „   ► Fe = C/  2 v H \X u
o = c
FeV  = O \
Fe111 -  O -O H
Fe11 + 30 2 + e” + H +
I t  is  now th o u g h t th a t  an FeV  oxenoid  species is in v o lv e d  in  th e  
o x id a tio n 32 w h ich  is  s im ilar in  v a len cy  to  the  iro n  in  th e  cytochrom e  
P -4 5 0 /N A D P H /O -  system . F ir s t ,  th e re  is fo rm ation  o f an F e -C  a -b o n d
u
(p ro d u c e d  b y  in s e rtio n  o f FeV  = 0  in to  a C -H  b o n d ) , th is  th e n  evo lves  
in to  a carb en e  w h ich  can be c a p tu re d  b y  0 2 to g ive  th e  k e to n e .
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T h e  G if  O rsay  system  is the e lectrochem ical e q u iv a le n t o f th e  
G if I V  system  and is much more e ffic ie n t at e lec tro n  in p u t (see T a b le  1 ) .
T a b le  1 : O x id a tio n  o f t r a n s -decalins w ith  the G if IV  and G if -O rs a y
System s .
C 2 / C 3
G i f  16 .4  16.3
G if -O rs a y  42 23
t r a n s - D eca lin  showed li t t le  ox idation  at te r t ia r y  p o s itio n s , and  m ostly
1 - and  2-decalones w ere p ro d u c e d . In  b o th  system s th e  o x id a n t has
been  show n to be su p ero x id e  and not H ^ O ^ .  T h e  n o n -o x id a tio n  o f
s u lp h u r  compounds (o r  p rim a ry  and secondary  alcohols) confirm s the
34n o n -p a r t ic ip a t io n  o f h y d ro x y l ra d ic a ls . S aw yer et. a l. have  shown  
th a t  h y d ro x y l rad ica ls  re a c t ra p id ly  w ith  p y r id in e . T h e re fo re , the  
t ru e  e x p la n a tio n  on the s e le c tiv ity  o f th e  G if system s may be d ep en d en t  
on h y d ro x y l ra d ic a l su p p ress io n , so th a t the  F e ^  oxenoid  mechanism  
can o ccu r w ith o u t com plication.
R eaction  o f cyclohexane w ith  the  usua l m ix tu re  o f p y r id in e /  
A cO H  and  Fe11 com plex, conta in ing  K 0 2 u n d e r argon  (G o A g g 1) gave
or
good s e le c t iv ity  -  on ly  cyclohexanone was p ro d u c e d , w ith  no c y c lo -  
h e x a n o l. H o w e v e r, experim ents  have shown th a t in  o x id a tio n s  u s in g  
th e  Go A g g 11 system  the ra tio  of ke to n e /a lco h o l was 3 0 /1 ,  and w hen the  
F e111 c a ta ly s t is red u ced  in  q u a n tity , s ig n ific a n t am ounts o f cyc lohexano l
37
are  p ro d u c e d . I t  has been shown th a t the Fem /H  O -  ra tio  has a 
m a rk e d  e ffe c t on th e  ra tio  of ketone to alcohol p ro d u c tio n  in  cyclohexane  
o x id a tio n .
V ario u s  mechanisms have been  p o s tu la ted  to  account fo r these  
o b s e rv a tio n s . T e r t ia r y  alcohols are  form ed m ostly b y  frag m en ta tio n  of 
th e  F e -c a rb o n  0 -bond  to g ive  rad ica ls
1 V  1 IV  '-C  -  Fe  ** -  C + Fe  -C  -  OH
F o r seco n d ary  positions m ig ra tio n  o f th e  F e -C  a -b o n d  from  iro n  onto  
o x y g e n  occurs
H HO^ H * 0  -  OH H
I V  or  ^ M  V I  * V I- c  -  Fe --------- »- -c 1 Fe  -C  -  O -  F e v l
H 2 °2
H t
I
- C  -  O H
K etones are  alw ays th e  m ajor p ro d u c t from  these  ty p e s  o f ox id a tio n s  
and  th e  p roposed  F e ^  = C is  c leaved  b y  su p e ro x id e  (o r  H 2O 2 ) as shown.
X  O -  OH
X  * 0 9H , _ i  ^
\  y  '  v  i t  I V  J ? r ____X-HFe = C  r -  X — Fe —  C
X  / * 'x  ( / >
X = O H , OAc H
X J
Fe + O = C
II N
O
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M agnesium  M ono p ero xyp h th a la te
H y d ro x y la tio n  o f s a tu ra te d  h yd ro carb o n s  b y  magnesium  
m o n o p ero xyp h th a la te  (MMPP) cata lysed  b y  m anganese p o rp h y r in s  can 
be a ch ieved  in  acceptable y ie ld s  w ith in  2-10 m in. MMPP is a v e ry  
e ff ic ie n t  o xyg en  donor fo r manganese p o rp h y r in  ca ta lyse d  re a c tio n s . 
T h e  reac tio n s  are  norm ally  p erfo rm ed  at room te m p e ra tu re  u n d e r  phase  
t r a n s fe r  conditions w ith  0.5% of the  c a ta ly s t p lus  a h e te ro c y c lic  
n itro g e n  base (u s u a lly  4 - t e r t . - b u t y lp y r id in e ) . W ith s a tu ra te d  h y d ro ­
c a rb o n s , alcohols and ketones are p ro d u c e d . T h e re  was no fo rm ation  
o f o x y g e n a te d  p ro d u cts  when the  reac tio n  was re p e a te d  in  the  absence  
o f th e  m etal p o rp h in a te , w hile  the N -b a s e , a lth o u g h  u s e fu l, was not 
essen tia l fo r  the reac tio n  to take  p lace . In  these o x id a tio n s , th e re  
was a m arked  p re fe re n c e  fo r ox idation  at the  te r t ia r y  C -H  v e rs u s  th e  
seco n d ary  C -H  bon d s, and v e ry  l i t t le  p r im a ry  C -H  o x id a tio n . In  th e  
o x id a tio n  o f adam antane, tu rn o v e r  ra te s  (moles o f p ro d u c ts /m o le  o f 
c a ta ly s t x  m in) up to 80 cyc les /m in  can be o b ta in e d , g iv in g  31% of 
a d a m a n ta n - l-o l,  8% ad am a n ta n -2 -o l, and 1% o f ad am a n ta n -2 -o n e .
1 .4  C rO  ^ O x idations
T h e  se lective  o x idation  o f s a tu ra te d  h yd ro c a rb o n s  b y  
in o rg a n ic  ox id an ts  is an im p o rtan t and o ften  d if f ic u lt  p ro c e d u re  
because th e  re q u ire d  v igorous conditions also prom ote seco n d -s tag e  
o x id a tio n : fo r exam ple, te r t ia r y  alcohols may be d e h y d ra te d  to
o le f in s , w h ich  are  th en  fu r th e r  a t ta c k e d .
T h e  chromium ( V I )  ox id atio n  o f u n a c tiv a te d  c a rb o n -h y d ro g e n  
bonds is a ra th e r  se lective  process,  s tro n g ly  in flu e n c e d  b y  s tra in
39
fa c to rs . O x id a tio n  o f te r t ia r y  C -H  bonds predom inates o v e r a tta c k  at
C H ^ ,  and  m ethy l groups are essen tia lly  u n a ffe c te d  (th e  re la t iv e  ra te s
o f o x id a tio n  o f ty p ic a l p r im a ry , secondary and te r t ia r y  h yd ro g e n s  are  
371 :1 10 :7 0 00 .  T h e  reactions are  g e n e ra lly  p e rfo rm ed  u s in g  chrom ium
38( V I )  ox id e  in  su itab le  so lven ts . When c h ro m iu m (V I) o x id e , w h ich  is
a lin e a r  p o lym er f C r O ^ O ) ^ ,  is d isso lved  in  acetic a n h y d r id e , i t  u n d e r -
38goes dep o lym erisa tio n  and chrom yl acetate  is  fo rm ed .
( C r O Q) + n Ac^O -  x n (A c O )_  C rO _  j  n  Ci d* L*
R eactio n  o f C rO ^  in  A CO H/AC2O w ith  adam antane (25)  gave m ain ly
37o x id a tio n  a t the  b r id g e h e a d .
25
O  Ac
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H o w e v e r, o x id a tio n  o f n o rb o rn an e  (26)  or  b i c y c l o [ 2 . 2. l]h e p ta n e  (27 )  
gave no b rid g e h e a d  p ro d u c ts , y ie ld in g  on ly  ketones and some secondary  
a lco h o ls .
40
26
p
23%
O A c
6%
T h e  in h ib it io n  of b rid g e h e a d  oxidation  of small b ic y c lic  system s such
39as b i c y c l o [ 2 .2 .  l]h e p ta n e  (27)  is  consisten t w ith  th e  accepted  mechanism  
o f h y d ro c a rb o n  o x idation  b y  C rO ^ . I t  is obvious th a t th e  c leavage of 
th e  C -H  bond is the ra te -d e te rm in in g  step in  the re a c tio n , and th is  is 
co n firm ed  b y  the reasonab ly  la rg e  k in e tic  isotope e ffe c t o b s e rv e d  in  
th ese  o x id a tio n s . T h e  in it ia l step is b e lie v e d  to be h y d ro g e n  atom  
a b s tra c tio n  to g ive  a caged ra d ic a l p a ir  as show n.
R 3C -  H + C r ( V I )  -------• -  R 3C* + C r ( V )
40C ollapse o f th is  ra d ic a l w ill g ive re te n tio n  o f c o n fig u ra tio n . T h e  
ra d ic a l can also u n d erg o  e lec tron  t ra n s fe r  to g ive  carbonium  ions from  
w h ich  c e rta in  p ro d u c ts , e . g . those in v o lv in g  s k e le ta l re a rra n g e m e n t, 
occasionally  re s u lt .  T h is  mechanism is p re fe r re d  o v e r a d ire c t  
in s e r tio n  process (w h ich  w ould also g ive  re te n tio n  o f c o n fig u ra tio n )
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>  R 3C - 0 - C r l V ( 0 H ) 3
C r
/  \
HO OH
because in  th e  in s e rtio n  shown above, s te ric  h in d ra n c e  a t th e  5 -v a le n t  
a c tiv a te d  com plex should be a p p a re n t. H o w ever, exch an g in g  th e  R  
g ro u p s  w ith  la rg e r  a lk y l groups g e n e ra lly  enhances, r a th e r  th an  
red u ces  th e  reac tio n  r a t e . ^
T h e  C r 0 3 ox idation  of h yd ro carb o n s  can be used  s y n th e tic ­
a l ly ,  fo r  exam ple in  a syn thesis  o f the p la n t m etabolite  N o jig ik u  alcohol 
41(28 )  from  C hrysanthem um  japonense.
H ig h ly  se lective  rem ote o x id a tio n  o f ( - ) - is o b o r n y l  acetate  (29)  
w ith  C r 0 3 in  A C O H /A C2O gave a 4 :1  m ix tu re  o f 5 -k e to is o b o rn y l 
ace ta te  (30)  and  its  6 -ke to -iso m er (31)  in  55% to ta l y ie ld .
AcO
30
O
+
29
\ /
31
43
C rO ^  ox id atio n  of n o n -a c tiv a te d  C -H  bonds in  s te ro id s  has
42been  shown to be a h ig h ly  selective  process in  a few cases.
and (33l)
O x id a tio n  o f 5 a -a n d ro s ta n -3 3 _y l acetate (33)  gave 5 o ra n d ro s t-1 4 -e n -1 6 -
A
one and  3 3 “a c e to x y -5 a -a n d ro s t-1 4 -e n -1 6 -o n e , re s p e c tiv e ly  in  e x c e lle n t  
y ie ld .  T h e  reac tio n  conditions em ployed 5 molar e q u iva len ts  o f C rO ^  
p e r  s te ro id  in  /A C O H /A C 2O w ith  s t ir r in g  a t R T  fo r  17h.
H H
O
32
AcO
33
AcO
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S ection  2: In tro d u c tio n
F u n c tio n a lis a tio n  O v e r S h o rt D istances
M any s tud ies  have been c a rr ie d  out on fu n c tio n a lis a tio n  o f 
u n a c tiv a te d  C -H  bonds v ia  an in tram o lecu la r a b s tra c tio n  o f a h y d ro g e n  
atom a tta c h e d  to  a carbon atom b y  a re a c tiv e  h e te ro -ra d ic a l. T h e  
process  u s u a lly  demands a 6-m em bered cyclic  tra n s itio n  s ta te  w ith in
43th e  fra m e w o rk  of a fa ir ly  r ig id  m olecule. T h e  d iagram  shown (F ig . 4) 
re v e a ls  how to fun c tio n a lise  various  an g u la r m ethy l g roups on a s te ro id  
w ith  a p p ro p r ia te ly  p laced  a lko xy  ra d ic a ls . H o w ever, th e  O -atom s shown  
can in  p r in c ip le  be rep laced  b y  N -atom s.
F ig . 4: F u n c tio n a lisa tio n  of a n g u la r m ethyl g ro u p s .
F o rm atio n  o f th e  H e te ro -ra d ic a l
T h e  ra d ic a l A X * is form ed b y  homolysis o f th e  A X -R  bond  
e ith e r  th e rm a lly  o r photochem ically
P b (O A c )^  can be used to generate  the  a lk o x y l ra d ic a l,
a lth o u g h  th e  Pb a lkoxides have n e v e r been iso lated  and a re  u s u a lly  
g e n e ra te d  in  ^ s i tu . T h e  main d isadvantages of us ing  P b (O A c )^  to  
g e n e ra te  a lk o x y  rad ica ls  a re : a la rg e  excess o f th e  re a g e n t is needed
fo r  com pletion; u n d e r therm al conditions secondary  alcohol o x id a tio n  is  
p re d o m in a n t; ace ty la tio n  can occur at a lly lic  sites or a-  to  ke to n e  
g ro u p s ; and  ep im erisation  at one or two asym m etric cen tres  can occur 
b y  a c a rb o n y l-fo rm in g  frag m en ta tio n  p ro c e s s .
p a r t ic u la r ly  from  a lk y l h yp o io d ites , a lthough  th e  la t te r  ty p e  a re  u s u a lly
p re p a re d  in  s i tu , w hereas the a lk y l h yp o ch lo rites  have been  is o la te d .
T h e  a lk y l hyp o io d ites  are  usu a lly  p re p a re d  from  a h e a v y  m etal ox ide
o r aceta te  e . g . (H g O , A gO A c, P b (O A c )^ ) b y  re a c tio n  w ith  and
alcoho l. Among th ese , the P b (O A c )4 / I 2 system  is the  one most o ften
used  to  g en era te  a lk y l h yp o io d ites , and fre q u e n tly  appears  to g ive  th e  
43b e s t y ie ld s . F o r exam ple, 5o rb ro m o -6 3“ alcohols w ere  used in  e a r ly
w o rk  to  fu n c tio n a lise  the C -1 9  a n g u la r m ethy l g roup  fo r  th e  p re p a ra tio n
43
o f 1 9 -n o r -s te ro id s  from  1 9 -s u b s titu te d  s te ro id s .
A lk o x y  rad ica ls  can be g en erated  from  a lk y l h y p o h a lite s ,
A
AcO A 1) P b (O A c )4 / I 2 AcO B r
OH 2) es te r h y d ro ly s is
46
T h e  H o fm a n -L o ffle r (N -ch lo roam ine  rea c tio n ) re a c tio n  has 
also been  used to g enerate  re a c tiv e  h e te ro  ra d ic a ls . N -h a lo g e n a te d  
s eco n d ary  amines can be ir ra d ia te d  u n d e r acid conditions to  g ive  an  
immonium ra d ic a l in te rm ed ia te  as shown.
X= halogen
n h
S u b s e q u e n t h y d ro g e n  ab strac tio n  occurs in  the  y -p o s itio n  w h ich  is  th en
c h lo r in a te d  in  a c h a in -ty p e  re a c tio n .
44 45T h e  B arto n  reac tio n  * is a u se fu l m ethod fo r  a tta c k in g  
u n a c tiv a te d  s ites v ia  ir ra d ia tio n  o f solutions o f s te ro id a l alcohol n i t r i t e s .
60%
47
S tu d ies  on th e  photo lys is  of simple a lip h a tic  and a licyc lic  n it r ite s  have
c o n firm ed  th e  need fo r a 6-m em bered tra n s itio n  s ta te , th e re fo re
d e c id in g  th e  p o in t of a tta c k  on the carbon ch a in . T h e  p h o to lys is  o f
3(3- a c e to x y -5 a -la n o s ta n -7 o i-y l n it r i te  g ives an a lko xy  ra d ic a l w h ich  can
a tta c k  th e  u n a c tiv a te d  C - 3 0  m ethyl group  to form  th e  3 $ - a c e t o x y - 3 0 -
46h y d ro x y im in o -la n o s ta n -7 a -o l in  60% y ie ld . O th e r  im p o rta n t a p p lic a t­
ions o f th e  n it r i te  photo lys is  in c lu d e  the fu n c tio n a lisa tio n  o f th e  C -1 8  
and  C -1 9  m eth y l groups w ith  a n it r i te  es te r a ttach ed  a t th e  1 1 8 -  
p o s itio n  .
Photo lysis  o f h y d ro x y  compounds in  th e  p resen ce  o f io d o -  
b en zen e  d iace ta te  [P h lC O A c ^ ] and iod ine leads to th e  g en e ra tio n  o f  
a lk o x y  ra d ic a l d e r iv a tiv e s  w hich can th en  u n d erg o  h y d ro g e n  atom  
a b s tra c tio n . T h is  method has been developed b y  S u arez  e t a l . as a 
co n tin u a tio n  o f th e ir  in te re s t in  in tram o lecu la r fu n c tio n a lisa tio n  
re a c t io n s . ^
P h i(O A c ) 2 is a s tab le  c ry s ta llin e  so lid , and th e  reac tio n s  
w ith  P h I(O A c )2  + Proceec* smoothly u n d e r m ild co n d itio n s .
P h l(O A c ) 2 has th e  advan tage  o ver P b (O A c ) 4 in  th a t  o n ly  1 mole e q u iv ­
a le n t is  needed  fo r  complete reac tio n ; m o reo ver, y ie ld s  are  o f th e  
same o rd e r  as, o r b e tte r  th a n , those w ith  th e  P b C O A c )^ /^  system  
(Schem e 5 ) .  T h e  reac tio n  mechanism is th o u g h t to  in v o lv e  h yp o io d ites  
and  a possib le  p a th w ay  to these is shown:
 **• P h lO A c + OAcP h I(O A c ) 2
I  + OAc --------- I*  + IO A c
P h lO A c + ROH --------- +-  RO* + P h i + HO Ac
RO* + Io   R01  + 1 *
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SCHEME 5
P h l (O A c )  / IAc O
OH
A c O
90%
w hereas  P b (O A c )^  gave on ly  a 68% y ie ld , as shown:
OAc
A cO
OH Excess Pb(OAc)4
A c O
68%
48G e n e ra tio n  of N e u tra l N itro g e n  Radicals
As m entioned e a r lie r , the H o fm a n n -L o ffle r re a c tio n , based  on
immonium ra d ic a l in te rm e d ia te s , is of lim ited  use in  com plex m olecules,
because o f th e  h ig h ly  acidic conditions n eed ed . H o w e v e r, th e
P h i (O A c ) 2^2  system *s an excel len t re a g e n t fo r  n e u tra l n itro g e n
ra d ic a l g e n e ra tio n .
T h e  s te ro id a l 6 8 -N -n itro -a m in e  was p re p a re d , and on
49
ir r a d ia t io n  gave the p y rro lid in e  d e r iv a tiv e  as shown:
NN
MOMO MOMO
P h I(O A c ) 7 1 .1  mol  k
[ ............. 77%
0 .5  mol
P b (O A c )^  3 mol 
12 1 mol
N -iodon itroam ines  are  th o u g h t to  be g en era ted  in  s i tu , th e n  
hom olysis o f th e  N - I  bond w ould generate  n e u tra l N -ra d ic a ls , w h ich  
cou ld  u n d e rg o  h y d ro g e n  atom a b s tra c tio n . In tra m o le c u la r fu n c tio n a l­
is a tio n  o f N -c y a n o  rad ica ls  has also been ach ieved . ^
F ra g m e n ta tio n  o f A lk o x y  Radicals
T h e  reac tio n  o f P h l f O A c ^ /^  w ith  y -  and a -lac to ls  can be  
u sed  as an e ff ic ie n t m ethod fo r the  syn thes is  o f m ed ium -sized  lac to n es .
50
OH 85%
1 0 ,19 . A1,10
F ra g m e n ta tio n  o f the a lko xy  ra d ic a l g en era ted  in  s itu  from  th e  y - la c to l  
e ffe c te d  r in g  expansion  to the o le fin ic  9-m em bered lac to n e . T h ese  
fra g m e n ta tio n s  have led  to a model s tu d y  of th e  s y n th es is  o f r in g  A in  
v e rn o le p in  (a  c y to to x ic , an titu m o ra l sesq u ite rp en o id  o f th e  elem ane  
g r o u p ) .  A re tro -s y n th e t ic  approach is shown in  Scheme 6 .
SCHEM E 6
/
~7
HO
H
R e c e n tly  th e  same group have re p o rte d  th a t  te tra v a le n t  
selenium  compounds e . g . P h 2S e (O H )2 , upon ir ra d ia t io n  in  th e  p resen ce  
o f I 2 and an a lcohol, p roduce a lk o x y  rad ica ls  w hich could u n d erg o  
h y d ro g e n  atom ab s trac tio n  (Scheme 7) a lth o u g h  no m echanistic  d e ta il 
was g iv e n .
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SCHEME 7
Hi
P h 2S e (O H ) 2
I 2
H H
89%
C e ( IV )  is a v e ry  p o w e rfu l s in g le -e le c tro n  o x id a n t
[ C e ( IV )  + e  C e ( I I I )  E °  = 1 .37  V  ) in  1M HNO^* T h e  most w id e ly
used  C e ( IV )  re a g e n t fo r o rgan ic  ox id atio n  is  diammonium h e x a k is -  
(n it r a to -O -c e r a te )  commonly know n as eerie  ammonium n itra te  
[C A N , C e (N H ^ )2 (N O ^ )^ ] . In  these o x id a tio n s , cation  ra d ic a ls  o r fre e  
ra d ic a ls  a re  g en era ted  and norm ally  these in te rm ed ia tes  u n d e rg o  ra p id  
o x id a tio n  to  a ffo rd  n e u tra l p ro d u cts  b y  e lec tro n  t ra n s fe r  o r b y  lig a n d  
t r a n s fe r :
B e n zy lic  m e th y l and m ethylene groups can be co n v e rte d  to  c a rb o n y l
fu n c tio n s  b y  tre a tm e n t w ith  CAN in  acidic m edia. T h e  re a c tio n
n o rm a lly  stops a t th e  m ono-carbonyl s tag e . H o w ever, a second m eth y l
g ro u p  may u n d e rg o  o x idation  u n d e r more d ra s tic  co n d itio n s . F o r
55
exam p le , p y x y le n e  can be ox id ised  to 4 -m e th y lb e n z a ld e h y d e .
R* + C e ( IV ) R + + C e ( I I I )
o r
R* + 0 N 0 2 C e ( IV ) R - 0 N 0 2 + C e ( I I I )
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50% AcOH
c h 3 cha
I t  is  g e n e ra lly  accepted  th a t the  side chain o x id a tio n  o f a lk y la re n e s  b y  
C e ( IV )  occurs v ia  a ra d ic a l cation and not b y  d ire c t h y d ro g e n  atom  
a b s tra c tio n .
A r C H 3 + C e ( IV )   A rC H 3+ ‘ + C e ( I I I )
A r C H 3+‘ + B-------------------->  A rC H 2 * + B H  +
A rC H ^ * + C e ( IV )  b  p ro d u cts  + C e ( I I I )
I t  is  th o u g h t th a t  th e  b e n zy l ra d ic a l th en  undergoes a lig a n d  t ra n s fe r
p ro c e s s , and  not fu r th e r  o x idation  to the  b e n zy lic  cation  as d e te rm in ed
56 57from  th e  common ion e ffe c t. *
C A N  can be used fo r the in tram o lecu la r o x id a tiv e  cyc lisa tion
o f alcohols to  fo rm , in  most cases, e th e rs . C eric  ion  o x id a tiv e
58c y c lis a tio n  has been  o b served  fo r n -p e n ta n o l, a lth o u g h  in  low y ie ld .
j - \ _  = >  X )
^ O H  0
A h ig h e r  y ie ld  was o b served  in  the  o x idation  o f th e  tr ic y c lic  alcohol 
as s h o w n .^
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OH
85%
B alasu b ram an ian  and Robinson have shown th a t 6 3“h y d ro x y - 5 a~ 
s te ro id s  u n d e rg o  smooth o x id a tive  cyc lisa tion  to g ive  th e  c o rresp o n d in g  
6 3 ,1 9 -e th e r  compounds in  good y i e l d . ^
O A c
A cOA c Q
AcO
OH
55% 34%
T h e  y ie ld  o f th e  cyclic  e th e r  decreases w ith  in crease  in  th e  size o f th e  
s u b s titu e n t a t C -5 .  These reactions are analogous to  th e  tra n s fo rm ­
ations prom oted  b y  reag en ts  such as P b (O A c )^ , H g O /^  o r A g O A c /B ^ * ^  
T h e  re a c tio n s  a re  th o u g h t to occur b y  in it ia lly  g e n e ra tin g  an a lk o x y  
ra d ic a l w h ich  can th e n  u n d erg o  a 1 ,5 -h y d ro g e n  s h ift  (fro m  a co n fo rm - 
a tio n a lly  ad jacen t y -c a rb o n  a to m ), th en  e lec tro n  tra n s fe r  re g e n e ra tin g  
th e  a lk o x y  ra d ic a l, and f in a lly  ra d ic a l coup lin g . C A N -in d u c e d  o x id a tiv e  
fra g m e n ta tio n  o f te r t ia r y  alcohol (34 ) gave the  secostero id  (3 5 ) in  good
• i j  6 0y ie ld .
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OAc
A cO O H
34
35
O A c
t>
80%
A c O  k
R eg io se lec tiv e  and s tereoselective  o x id a tiv e  cyc lisa tion  o f cyclo~octenols  
has b een  ach ieved  using  CA N g iv in g  form al syn  o x id a tiv e  ad d itio n  to the  
a lk e n e . ^
0 )
26% 1 0 %
R ad ica l c y c lis a tio n  w ould  g ive the  secondary  ra d ic a l (36 ) w h ich  can th e n  
u n d e rg o  lig a n d  tra n s fe r  to  form  the  n itra te  o r lose an H -atom  to form  
th e  a lk e n e .
L o
C A N  has also been used to oxid ise a lk e n e s . T h e  p ro d u c ts  
from  th e  re a c tio n  are  dependent on the  so lven t u sed , and th e  re s u lts  
can be e x p la in e d  b y  th e  ad d itio n  o f a n itra te  ra d ic a l to  th e  double bond  
(see  S ection  3 .2 ,  page 6 3  ) .
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S ection  3 : R esu lts  -  S h o rt Range F u n ctiona lisa tion
3. 1 C e ric  Ammonium N itra te  O x id a tio n  of 2 5 -H y d ro x y -5 q - la n o s t-8 -  
e n -3 (3 -y l A cetate
C e ric  ammonium n itra te  is a good ox id is ing  agen t v ia  s ing le  
e le c tro n  t ra n s fe r .  2 5 -H y d ro x y -5 a -la n o s t-8 -e n -3 3  acetate is an  
in te re s t in g  s u b s tra te  fo r the reaction  w ith  C A N , since the  proposed  
2 5 -o x y g e n  ra d ic a l (p ro d u ced  v ia  single e lectron  t ra n s fe r )  may be 
ex p e c te d  to  u n d erg o  h yd ro g en  atom ab s trac tio n  b y  an in tram o lecu la r  
m eans, thus  opening the  possib ilities  fo r n u c lear o r s id e -c h a in  fu n c tio n ­
a lisa tio n  .
64P re p a ra tio n  o f 2 5 -H y d ro x y -5 q - la n o s t-8 -e n -3 g -y l A cetate
L an o s te ro l ( 4 , 4 , 1 4 a -tr im e th y l-5 a -c h o le s ta -8 ,2 4 -d ie n -3 £ -o l)
65(3 7 ) is  an u n sap o n ifiab le  or alcohol fra c tio n  of wool w ax and c ru d e  
la n o s te ro l contains about 40% of 2 4 ,2 5 -d ih y d ro la n o s te ro l ( 5 q -la n o s t-8 -
e n -3 3 -o l)  (3 8 )
37
HO
38
HO
24 ,25  D ih y d ro la n o s te ro l (38 ) can be sep ara ted  from  lan o s te ro l ( 37 )
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a lth o u g h  in  low y ie ld , b y  form ing the 2 4 (R ,S )-2 5 -d ib ro m id e , se lec tive
c ry s ta llis a tio n  o f the  dibrom ide and re g e n e ra tin g  the A 24-  double bond
w ith  Zn d u s t o r N a l. I t  was proposed to sep ara te  the  2 4 ,2 5 -d ih y d ro -
d e r iv a t iv e  at a la te r  stage in  the p re p a ra tio n . C ru d e  la n o s te ro l was
a c e ty la te d  u s ing  A c 20 /p y r id in e  to y ie ld  ( 39) p lus th e  2 4 ,2 5 -d ih y d ro -
d e r iv a t iv e  (see E xp erim en ta l section 3 .1 .1 ) .  2 5 -H y d ro x y la n o s t~ 8 -e n -
643 $ -y l  ace ta te  has been p re p a re d  p re v io u s ly  b y  B oar e t a l. and i t  
was p ro p o sed  to follow th e ir  m ethod, a lthough  th e re  w ere  some 
v a r ia tio n s  in  p ro c e d u re .
M onoepoxidation  o f C ru d e  L an o s te ry l A cetate
A cO
+ 24,25-dihydro-
A l . l e q u i v .  m cp b a /-1 0 °C
S p ec ific  m onoepoxidation o f th e  24(25) double bond  in  c ru d e  
la n o s te ry l aceta te  was ach ieved , g iv in g  a 1:1 m ix tu re  of d ias tereo m eric  
ep o xid es  ( 4 0 ) ,  contam inated w ith  2 4 ,2 5 -d ih y d ro la n o s te ry l a ce ta te .
T h e  2 4 ,2 5 -d ih y d ro la n o s te ry l acetate was rem oved b y  column chrom a­
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to g ra p h y . T h e  two epoxides (40 ) w ere reduced  u s ing  LA H  in  d r y  
T H F  to g iv e  2 5 -h y d ro x y la n o s t-8 -e n -3 $ -o l (41 ) as the  main p ro d u c t.  
M o noacety la tion  gave the d es ired  2 5 -h y d ro x y la n o s t-8 -e n -3 (3 -y l acetate  
( 4 2 ) .  (S ee E x p erim en ta l section 3 . 1 . 2) ,
40
A . L A H /T H F  
B . A c / p y r i d i n e
OH
>
H O 1
B
OH
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Ac
C A N  O x id a tio n  o f 2 5 -H y d ro x y la n o s t-8 ~ e n -3 B  y l A cetate
In i t ia l  sm all-scale reactions w ere p erfo rm ed  w ith  m on ito rin g  
w ith  G L C /T L C . T h e  m ethod used was to d issolve th e  s te ro id  in  
C H 3CN w ith  h ea tin g  to 80°C . Aqueous CAN was added dropw ise  and  
th e  re a c tio n  m ix tu re  le f t  fo r 10-15 min (u n t i l  the  yellow  co lour had
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d is a p p e a re d . A f te r  th is  tim e, the reaction  m ix tu re  was d ilu te d  w ith
60w a te r  th e n  e x tra c te d  w ith  EtO Ac (see E xp erim en ta l section 3 .1 .3 ) .
U sing  1 .1  molar equ iva len ts  of CAN bo th  GLC and T L C  
re v e a le d  no re a c tio n . H o w ever, use of ca. 20 molar eq u iva len ts  o f CAN  
gave about 15 p ro d u cts  (see T ab le  2) in  v a ry in g  p ro p o rtio n s , w ith  
o n ly  a small am ount o f s ta rtin g  m ateria l rem ain in g . P re p a ra tiv e  T L C  
was used  to rem ove th re e  bands (see Tab le  3 ) .  T h e  n o n -p o la r  b a n d , 
R p 0 .7 2  con ta ined  fo u r major compounds, a ll of h ig h e r m olecular w e ig h t  
th a n  th e  s ta r t in g  m ateria l. T h e  band  at Rp 0 .26  (I^ ^ q o 1 = 3870) 
co n ta in ed  a s in g le  compound, b u t no in fo rm ative  G C-M S analys is  was 
o b ta in ed  (e v e n  a f te r  d e r iv a tis a tio n  using  B S T F A  (I^ ^ q o * = 3 9 3 0 )) .  Few  
ions w e re  p ro d u ced  fo r th is  com pound, the most ab u n d an t ion b e in g  
[C ^ H ^ O T M S ]*  at 131 am u, in d ica tin g  the presence o f the  2 5 -h y d ro x y  
fu n c tio n . O th e r  ions o ccu rred  at 660 or 661 and 364 amu. W ork has 
been  m ain ly  focused on the p o lar (R p  0 .1 5 ) h ig h  m olecular w e ig h t  
m a te ria l. T h is  component ( I_ ^ ^ o ^ = 4100) was tre a te d  w ith  B S T F A  and  
su b je c te d  to G C -M S analysis w hich in d ica ted  the  p ro d u c t to be n it r o ­
genous: th is  was confirm ed b y  d ire c t-p ro b e  MS (see T a b le  4) show ing
[ M ] +* a t 629. B oth  re s u lts  in d ica ted  the 2 5 -h y d ro x y  and th e  acetate  
g ro u p  to  be p re s e n t. H ig h  reso lu tio n  mass sp ec tro m etry  (see T a b le  5) 
show ed th e  m olecular fo rm ula  as C ^ H ^ N O ^ -S i. T h u s , C 2H N O 2 has 
been  ad d ed  to  2 5 -h y d ro x y la n o s t-8 -e n -3 $ -y l acetate ( C ^ H ^ O ^ S i ) . I t  
was concluded  th a t the so lvent (C H 3C N ) had in  p a r t  been in c o rp o ra te d  
in to  th e  s te ro id . A lso , upon changing  the reac tio n  so lven t to  A cO H , 
GLC p lu s  T L C  analys is  revea le d  none of th is  p o la r p ro d u c t, b u t s till 
in d ic a te d  a complex m ix tu re  of p ro d u c ts . T h e  IR  spectrum  o f the
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n itro g e n o u s  p ro d u c t (see T ab le  6 ( i i ) ) showed O -H  s tre tc h in g  at 
3610 cm (w ) and N -H  s tre tc h in g  at 3400 cm  ^ ( w ) . In  th e  c a rb o n y l 
re g io n , th e re  was observed  v (C = 0 ) (e s te r )  a t 1730 cm"1 ( s ) , an  
ab s o rp tio n  a t 1685 cm (s ) w hich may be due to a c a rb o n y l b an d  of 
an enone o r secondary  amide (b an d  I ) .  A n ad d itio n a l b an d  a t 1635 
cm 1 (s )  was o b served  w hich is possib ly  the  amide I I  b a n d . T h e  U V  
sp ectru m  in d ic a te d  the  presence of an enone X E tO H  = 252 nm ,
e 11 ,8 0 0 .
2 5 -H y d ro x y la n o s t-8 -e n -3 $ -y l  acetate was sub jected  to 200 MHz ^H and  
13
25 M Hz C D E P T  NMR s tu d y  (see Tab le  7 ) .  T e n ta tiv e  assignm ents
13 1h ave  b een  made fo r  some s ig n a ls . C and H NMR sp ectroscopy of 
th e  n itro g e n o u s  m ateria l was not v e ry  in fo rm a tiv e , due to th e  small 
am ount o f sample and the  presence of im p u rities  (see T ab le  8 ) .
H o w e v e r, th e  200 MHz ^H NMR spectrum  revea le d  a N H  p ro to n  d oub le t 
at 5 .6 8  ppm  (J  = 10 H z ) .  T h e  s ignal at 4 .80  ppm (b d , J = 10 H z)  
was th o u g h t to be the  7 -H  m ethine p ro ton  a ttached  to an e le c tro ­
n e g a tiv e  atom ( N ) .  T h e  AB q u a rte t system  at 2 .55  ppm (J  = 19 H z)  
su g g es ted  gem inal coupling of m ethylene pro tons ot-  to  a c a rb o n y l g ro u p . 
A n 1 1 -k e to  g roup  w ould account fo r th is  s ignal in  w hich th e  C -1 2  
m eth y len e  p ro to n s  are gem inally coupled.
A lso , an ad d itio n a l C H -C O - s ignal was co nsisten t w ith  an a c e ta -  
O 5
mido g ro u p  ( C H - - C - N - R ) .  T h e  11-ke to -ace tam id o  s tru c tu re  shown (43 )
H
was in d ic a te d  b y  the  spectroscopic ev idence.
OH
43AcO NH
ch3
P ro d u c ts  o f base h yd ro ly s is  and acid e x tra c tio n  o f th e  n it r o ­
genous p ro d u c t w ere  s tud ied  b y  GLC and T L C  (see E xp erim en ta l 
section  3 . 1 .4 ) .  I t  was attem pted  to e x tra c t the lib e ra te d  amine s a lt. 
H o w e v e r, o n ly  th e  organ ic  e x tra c t contained p ro d u cts  from  th e  
h y d ro ly s is . Tw o compounds (I_2^qo^ = 3990, = 3640) w ere
o b s e rv e d  in  th e  organ ic  e x tra c t . T h e  re te n tio n  in d e x  of one,
^270®  = ^990 was in d ic a tiv e  of the h yd ro ly s is  of one acetate  g ro u p , 
and on re a c e ty la tio n  th is  compound re g e n e ra te d  the o r ig in a l p ro d u c t.
I t  th e re fo re  corresponds to a 33“h y d ro x y  analogue o f the  n itro g en o u s  
p ro d u c t . T h e  component of I°2 7 0 ° = 3^40 gave a p ro d u c t o f I_°270° = 
3720 on re a c e ty la tio n  ( fo r  possible id e n titie s  of components h a v in g
-°270® = 3640 and -°270° = 3720' S6e Section on C A N  o x id a tio n  o f 5ct" 
la n o s t -8 -e n -3 3 - y l ac e ta te , page 62^ .
D ue  to d iff ic u ltie s  in  p u rif ic a tio n  the CAN o x id a tio n  was 
a tte m p te d  on a more conven ien t s u b s tra te  i . e. 5 c t- la n o s t-8 -e n -3 3 - y l
a c e ta te , and. a tte n tio n  was tem p o rarily  d iv e rte d  to e lu c id atio n  o f the  
a lly  lie  o x id a tio n  p ro d u c ts , w hich appeared  to have ta k e n  p recedence  
o v e r a n y  s ig n if ic a n t ox idation  in  the s te ro id  side cha in .
3. 2 C e r ic  Ammonium N itra te  O x idation  of 5 c t- la n o s t-8 -e n -3 g -y l 
A cetate
T h e  C A N  oxidation  of 5 a - la n o s t-8 -e n -3 $ -y l acetate  (4 4 ) was 
a tte m p te d , u n d e r  the  same reaction  conditions as fo r  2 5 -h y d ro x y -5 a -  
la n o s t -8 -e n -3 $ -y l  ace ta te , to ascerta in  i f  ox idation  at the  a lly lic  
positions  is  th e  main reac tio n  p ath w ay and to fin d  ou t i f  a n itro g en o u s  
p ro d u c t w ou ld  be form ed from  th is  sim pler s u b s tra te .
AcO
U sin g  a s im ilar p ro ced u re  to p rev io u s  oxidations (see  
E x p e rim e n ta l section 3 .2 .1 )  the crude reactio n  m ix tu re  was sub jected  
to  p re p a ra t iv e  T L C  (C H C £ 3 :EtO Ac 9 :1  v / v ) . Two U V  ac tive  bands  
w ere  scrap ed  o ff  the  p la te  (R p 0 .3 1 , R p 0 .8 9 ) .  T h e  more p o la r b an d  
(R p  0 .3 1 )  showed on GLC to be p u re  (I_ 270° -  ^900) > and G C -M S  
an a lys is  (T a b le  9) in d ica ted  th is  compound to be n itro g en o u s  in  n a tu re  
( [M ] + ‘ = 541 am u ). T h e  fragm enta tion  p a tte rn  suggested  losses o f 
60 amu and 59 amu from  the m olecular ion w hich a re  co nsisten t w ith  
losses o f n e u tra l molecules CH^CC^H and C H ^C O N E ^, re s p e c tiv e ly ,
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th e  loss o f 59 amu being  in d ica ted  b y  a m etastable peak in  th e  mass 
s p e c tru m . T h e  h ig h  reso lu tion  mass spectrum  showed the m olecular 
fo rm u la  to  be C 34H 55NC>4 (T a b le  10 ). T h e  mass at 482 amu re s u lts  
from  th e  loss o f 59 amu from  the m olecular io n . T h is  ion corresponds  
to  m olecu lar fo rm ula  a lthough i t  was not ob ta ined  on the
Glasgow in s tru m e n t. Tw o ions could have g en era ted  th is  mass (482  
a m u ):
i )  ^ 3 2 ^ 5 0 ^ 3  ^ca c^u -^a e^c^  mass = 482.3759) w hich  is  the  p ro d u c t from  
loss o f C^H^NO^ (59  amu) from  the m olecular ion ( C 34H ,-,-N 0 4) ;
13
i i )  CHj-^NC^ (ca lcu la ted  mass = 482.3953) w hich  is the  p ro d u c t
from  loss o f (60 amu) from  the m olecular ion co n ta in ing
one 13C atom (C 33l3 C H 55N 0 4) .
T h e re fo re , a sample was sent to the S .E .R .C .  MS S erv ice  (S w ansea)
w ith  its  h ig h e r  reso lv in g  pow er in s tru m e n t, to d iscrim inate  betw een
masses ( i )  and  ( i i ) . R esults  in d ica ted  th a t bo th  ^ 32^ 50^3  (6*23%
13
in te n s ity )  and  C 34 C H ^ C ^ N  (17.56%  in te n s ity )  ex is te d  (T a b le  1 1 ).
T h e re fo re  th e  loss of 59 amu was indeed due to C 2H 3N 0 2 * T h e  UV
sp ectru m  o f th e  n itrogenous p ro d u c t in d ica ted  the presence  o f an 
P j . A U
enone system  ( X  = 254 nm , e = 8400). A  la rg e r  q u a n tity  o f the
3 max
n itro g e n o u s  p ro d u c t was isolated b y  a com bination of column chrom ato­
g ra p h y  and p re p a ra t iv e  T L C , and the IR  spectrum  (T a b le  12) showed  
a b ro a d  v ( N - H )  band  at 3392 cm” 1 (w ) ,  an es te r ca rb o n y l b an d  at 
1733 cm” 1 ( s ) ,  an enone carb o n y l band at 1684 cm 1 ( s ) ,  and possible  
seco n d ary  amide s tre tc h in g  bands at 1715 cm (m) (b a n d  I )  and 1610 
cm” 1 (s )  (b a n d  I I ) .  A 2D 6 H /6 C  NMR C.QS.Y, exp erim en t was
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p e rfo rm e d  on the n itrogenous p ro d u c t (T a b le  1 3 ( i i ) ) .  T h e  s ig n a l at
6 .2 0  ppm ( 1 H , d , J -  9 H z) gave no 2D co rre la tio n . I t  was th o u g h t th a t
th is  was due to an N -H  p ro to n . T h e  s ignal at 4 .78  ppm (1 H , b d , J = 8
H z ) gave a 2D c o rre la tio n  to s ignal 48.253 ppm in  the 13C spectrum  w hich
co rresp o n d s  to a CH in  the  D EPT an a lys is . In  re sp ec t of th e  s ig n a l at
3 .05  ppm (1 H , bd  w ith  s lig h t s p litt in g , J = 14 H z , J = 2 H z ) ,  the  2D
spectru m  gave no 6 C / 6 H observed  c o rre la tio n . I t  was th o u g h t th a t  th is
s ig n a l was due to H - 6 , C H 2> T h e  s ignal at 2 .49  ppm (2 H , A B , J = 18 H z)
13c o rre la te d  to 51 .915  ppm in  the C spectrum , w hich corresponds to a 
C H 2 in  th e  D E P T  analysis  (H -1 2 , C H 2) .  T h e  signals at 6 2 .0 3  (3 H , s) 
and 6 1 .9 9  (3 H , s) c o rre la ted  to carbon signals at 21 .311  ppm and  
23 .338  pp m , re s p e c tiv e ly  (b o th  carbons were CH^ ad jacent to c a rb o n y l 
g ro u p s ) . In  accord  w ith  the NMR ev id en ce , the  1 1 -k e to , 7-acetam ido  
s tru c tu re  (4 5 ) has been proposed.
45
NH mp 181-184 CAcO
C = 0
ch3
B rig u e t et a l . 63 have shown th a t the o x id a tio n  o f cy c lo -  
h exen e  w ith  C A N  in  anhydrous  DMSO leads to c y c lo h e x e n e -3 -n itra te , 
w h ile  in  C H ^C N  the  3-acetam ide is form ed and h y d ro x y la te d  p ro d u c ts
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can be fo rm ed  in  th e  presence o f w a te r. T h e  re s u lts  have been  
e x p la in e d  in  term s o f the form ation of an in te rm ed ia te  a ris in g  from  the  
ad d itio n  o f th e  ra d ic a l N 0 3 * to the o le fin ic  double bond (Schem e 8 ) .
SCHEM E 8
C e(lV ) N 0 3" C e ( I I I )  + *NC>3
CAN
•ONCX
MeCN / H20  
< =
CAN
-H
ONO
T h e  n it ra te  ra d ic a l is  p roduced  b y  ligand  tra n s fe r  o x id a tio n , and  can
th en  ad d  to th e  double b o n d . CAN oxidation  of th is  n itra te  ra d ic a l
©w ould  p ro d u c e  th e  carbocation , and loss of H w ould y ie ld  th e  a lly lic  
n it r a te ,  w h ich  on so lvo lysis b y  C H 3CN and h y d ra tio n  w ould g ive  the  
3 -a c e ta m id o -c y c lo h e x e n e . In  o rd e r to produce 45, i t  p roposed  th a t  
th e  n it ra te  ra d ic a l adds to the diene system as shown (Scheme 9 ( i ) ) .
o n o 2
,OH
o n o 2
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SCHEM E 9 ( i)
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ONO
MeCN / H20
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From  the  A '-d ie n e , th e re  is a to ta l of fo u r e lec tro n
o x id a tio n  steps to produce 46, the A ?-doub le  bond can be b ro u g h t in to  
c o n ju g atio n  w ith  the  carb o n y l group v ia  the enol. Solvo lysis  o f th e  
7 n it ra te  b y  C H ^ C N , then  h y d ra tio n  (R it te r  r e a c t io n ,^  Scheme 9 ( i i ) ^ )  
w ould  y ie ld  45.
SCHEM E 9 ( i i )
H2S °4
P h C H 2OH + C H 2 = CHC N ----------
O
PhC H  -N -C -C H = C H 9 
H ^
60%
A tte m p te d  N -a c e ty la tio n  of the n itrogenous compound (45 )  
was u n su ccess fu l even  w ith  heating  fo r 24h w ith  A c 20 /p y r id in e /D M A P  
at 8 0 ° C .
A c id ic  h y d ro ly s is  o f the n itrogenous p ro d u c t (4 5 ) ( I^ ^ q o  = 
3900) was a ttem p ted  in  o rd e r to lib e ra te  the amine w hich could th en  be  
e x tra c te d  in to  th e  aqueous acidic phase. One h o u r's  acid h y d ro ly s is  
y ie ld e d  a s in g le  component w hich was obtained in  the o rgan ic  e x tra c ts .  
A c e ty la tio n  o f th is  component ( I ^ q o  = 3830  ^ Save back the  s ta r t in g 
m a te ria l ( I ^ q o  = 390° ) • T h e  A I = 70 is consistent w ith  the  
h y d ro ly s is  o f one acetate group to an alcohol. T h is  was ascrib ed  to  
h y d ro ly s is  o f th e  33 -a c e ta te , w hich on reace ty la tio n  y ie ld s  the  o r ig in a l 
n itro g e n o u s  p ro d u c t. . H ow ever, tw e n ty -fo u r  hour acid h y d ro ly s is
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y ie ld e d  tw o p ro d u c ts  o ccu rrin g  in  the organic  so lvent (T a b le  1 4 ), w ith  
no amine b e in g  d e tec ted  in  the acidic e x tra c t (see E xp erim en ta l s e c t io n ) .
T a b le  14: 24h acid  h y d ro ly s is  of n itrogenous p ro d u cts
To v - i TO V - l  
— 270°- 2 7 0 °
P ro d u c t o f h yd ro ly s is P ro d u ct a f te r  ace ty la tio n
3480 ------ 3530
3820 —------ 3900
A g a in , I_ ^70° = 3820, corresponded to the alcohol form ed b y  h y d ro ly s is  
o f th e  33 - aceta te  g ro u p . T h e  p ro d u c t w ith  ^ 2700  ^ = 3530 has th e  I_ 
va lu e  id e n tic a l to th a t of 7, l l -d ik e to -5 a - la n o s t -8 -e n -3 3 - y l acetate  (4 7 ) .  
G C -M S  an a lys is  (T a b le  15) of the h y d ro ly s e d  m ateria l a fte r  a c e ty la tio n , 
su g g es ted  th a t the  compound w ith  = 3530 was 47, w ith  id e n tic a l
MS and  GLC re te n tio n  data to an au th en tic  specim en. T h e  o th e r  
com ponent w ith  I ^ q o 1 = 3900 was the  o rig in a l n itrogenous p ro d u c t (4 5 ) .  
T h u s  ac id  h y d ro ly s is  of the n itrogenous p ro d u c t (45 ) led  to simple  
h y d ro ly s is  o f th e  3-a c e ta te  and to a second n o n -n itro g en o u s  p ro d u c t  
( lO V - 1  .  3530 af te r  a c e ty la tio n ), in  w hich the  expected  amine (4 8 ) has 
b een  o x id is e d , p resu m ab ly  b y  a ir ,  to the d iketone (4 7 ) .
47
Ac O'
48
h q NH
T h e  C A N  oxidation  was attem pted on a s a tu ra te d  lanostane
d e r iv a t iv e  to  f in d  out i f  ox idation  would take  place in  the  absence of a 
double  b o n d . T h e  oxidation  of l l-k e to -5 a - la n o s ta n -3 3 - y l acetate  (4 9 )  
w ith  20 m olar eq u iva len ts  of CAN gave no oxidation  p ro d u c ts , y ie ld in g  
o n ly  s ta r t in g  m a te ria l, as judged  b y  T L C  and G LC , and thus co n firm ­
in g  th a t  a double bond was essentia l fo r oxidation  to occur in  5a - 
la n o s t -8 -e n -3 3 ~ y l ace ta te .
49
A c O
T h e  o th e r major U V -a c tiv e  band Rp 0 .8 9  (fro m  th e  CAN  
o x id a tio n  o f 5 a - la n o s t-8 -e n -3 3 ”y l acetate) was sub jected  to G C-M S  
a n a ly s is . GLC showed th e re  to be fo u r com ponents:
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O V -1
- 2 7 0 °  = 3380
- 2 7 0 °  3530
O V -1
I.270o = (3610) 
O V -1
L 27V  = (3650)
(m inor peaks in  b ra c k e ts )
T h e  mass spectrum  correspond ing  to the peak o f = 3380 ( T a t>le
16) re v e a le d  a m olecular ion of 466 amu w hich corresponds to  two  
a d d itio n a l double bonds w ith  resp ect to the 5 a - la n o s t-8 -e n -3 3 -y l  
a c e ta te . T h is  compound had a sim ilar re te n tio n  in d e x  to th a t  o f 5 a - 
la n o s ta -7 , 9( 1 1 )-d ie n e -3 3 - y l  acetate (5 0 ) .
50
Ac O'
In  th e  C rO ^  o x id a tio n  of 5a- la n o s t-8 -e n - 33- y l ace ta te , 50 
71is p ro d u c e d  v ia  o x id a tio n -d e h y d ro g e n a tio n . F u rth e rm o re , e x ten s ive
o
SeO^ o x id a tio n  o f the  A -7  one (51 ) y ie lds  the trien o n e  (52 ) w h ich
1
51 52
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cannot be oxidised, fu r th e r  in  rin g s  B and C w ith o u t ca rb o n -c a rb o n
bond c le a v a g e . A 5 ,7 ,9 ( 1 1 ) -  or 6, 8, 9( l l ) - t r i e n e  system  may th en
account fo r  th is  p ro d u c t from  the CAN oxidation  o f 44.
T h e  com ponent o f 1 .270° = was shown to be the  enedione
(47 ) b y  G C -M S  (T a b le  17(i i ) ) :  the mass spectrum  and re te n tio n  in d e x
w ere  th e  same as those o f an au th en tic  sample o f 47 p re p a re d  using
72 8th e  m ethod o f C ava lla  and M cG hie. Th is  A -7 ,1 1 -d io n e  (4 7 ) can also
O
be o b ta in e d  b y  C rO ^  oxidation  of the A -7  one (51 ) or the 7 ,9 ( 1 1 ) -
73diene (5 0 ) system .
On G C -M S analysis the peak of I_^>70° = ^610 y ie ld e d  a 
m olecu lar ion  o f 512 amu (T a b le  18) w hich may correspond  to a t r i ­
k e to n e . T h e  d ien e trio n e  (53 ) is know n to be p roduced  v ia  th e  C rO ^
74o x id a tio n  o f tr ie n o n e  (52 )
O
53
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T h e  C A N  o x id a tio n  p ro d u c t may then  be a A - 7 ,1 1 ,1 2 - tr ik e to n e  o r
o
A - 6 , 7 , 1 1 -tr ik e to n e .
T h e  p e a k  o f I 0^  = 3650 gave a mbced mass sP ectrum  on 
G C -M S a n a ly s is . T h is  ind ica ted  the presence o f a tr ik e to n e  of mass 
512 amu (p ro b a b ly  due to ta ilin g  o f I ° 2^ o  = 3610) and a com ponent of
a p p a re n t mass 500 amu.
3. 3 C e ric  Ammonium N itra te  O xidation  of 2 4 (R ,S )~ h y d ro x y -5 q -  
c h o le s ta n -3 3 ~ y l A cetate
T h e  C A N  oxidation  of 2 4 (R ,S )-h y d ro x y -5 a -c h o le s ta n -3 3 ~ y l
acetate  (5 4 ) was t r ie d  in  o rd e r to attem pt func tio n a lisa tio n  of the
s te ro id  side chain  o r r in g  D b y  in tram olecu lar h yd ro g en  atom
a b s tra c tio n  v ia  th e  2 4 -a lko xy  ra d ic a l.
24( R , S ) -H y d ro x y -5 a -c h o le s ta n -33~yl acetate (54 ) was
p re p a re d  from  2 4 (R ,S ) -h y d ro x y -c h o le s t -5 -e n -3 3 _y l acetate v ia  c a ta ly tic  
76h y d ro g e n a tio n  (see E xperim enta l section 3 .3 .1 ) .
OH
A c Q
A c O
5p-H
To check  th a t  th e  h yd ro g en atio n  was com plete, the enzym e cho lestero l
oxidase was u s e d . A 5 and 5a-H  3 3 "h y d ro x y  s tero ids do not sep ara te
w ell on G L C , b u t  th e  A 4-  and 5a-H  3 -ke to  d e riv a tiv e s  form ed b y
77
e n zy m e -c a ta ly s e d  o x idation  are  w ide ly  sep ara ted . A c c o rd in g ly , a 
small p o rtio n  o f the  h y d ro g en a ted  m ateria l was h y d ro ly s e d  to the 33 , 
24 -d io l (5 5 ) (Schem e 10 ).
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SCHEME 10
OH
54
HOAcO
10% 5p-H
Cholesterol oxidase
H20 2 v
OH
C h o le s te ro l ox idase is b o th  reg io se lec tive  and s te reo se lective  in  its  mode
of o x id a tio n  in  th a t  i t  w ill g e n e ra lly  catalyse ox id atio n  on ly  a t th e  3 -
5
po sitio n  o f 3 3 -h y d ro x y  A -  or 5a -H  s u b s tra te s . T h e  small am ount o f 
5 3 -c h o le s ta n e  d e r iv a t iv e  p roduced  in  the h yd ro g en a tio n  w ill not be 
o x id ised  u s in g  cho lestero l ox idase . A fte r  enzym ic oxid atio n  GLC showed
75
only  th e  3 k e to  5a s te ro id ; i t  was concluded th a t the h yd ro g en a tio n  
had been  com plete.
C A N  o x id a tio n  o f 2 4 (R , S ) - h yd ro xy -5a~ c h o les tan -3 (3 - y l acetate  
(u s in g  2 m olar e q u iv a le n ts ) gave two p roducts  as ju d g ed  b y  T L C  
(see E x p e rim e n ta l section 3 .3 .2 ) .  T h e  major p ro d u c t was th e  s ta r t in g  
m a te ria l (R p  0 .6 9 ) ;  also p roduced  was a more n o n -p o la r com ponent 
(R p  0 .8 3 ) .  GLC rev e a le d  two major components in  the ra tio  1 .5 : 1 .0 : -
—*~260° ~ 3480, (2 4 (R ,S ) -h y d ro x y -5 a -c h o le s ta n -3 3 - y l ace ta te )
i0 2y  = 3250
(3110)
T h e  p eak  a t -^ -^ qo = 3250 had a sim ilar re te n tio n  va lue  to c h o le s ta -5 , 
2 3 -d ie n -3 3 ~ y l aceta te  (1^260° = anc  ^ was assumed be a
A c O
d e h y d ra tio n  p ro d u c t from  the CAN o x id a tio n .
P re p a ra tiv e  T L C  was used to isolate each com ponent. T h e  
more p o la r  b and  (R p 0 .6 9 ) gave 1 ° ^  = 3480, co rresp o n d in g  to  
2 4 (R ,S ) -h y d r o x y -5 a -c h o le s ta n -3 3 -y l  acetate an d , on a c e ty la tio n , gave
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O V -1  
-  270° -  3540 (2 4 (R ,S )-a c e to x y -5 a -c h o le s ta n -3 g -y l acetate) (see T a b le  
n d  ( i i ) ) .  T h e  less po lar b 
compounds as determ in ed  b y  GLC:
19( i )  a  i i .   l  l  and (R p 0 .8 3 ) contained two
O V -1
l  260o =  3250 
(3110)
T h is  sample was sub jected  to GC-MS (Swansea) b u t no u s e fu l in fo rm ­
ation  was o b ta in ed  -  on ly  low mass ions were observed  (<  200 am u ).
I t  ap p e a re d  th a t  CA N oxidation  of 54 produced compounds in  w hich  
d e h y d ra tio n  o f th e  side chain had taken  p lace.
3. 4 F u n c tio n a lis a tio n  of the  C -3 0  M ethy l Group in  7oHrLydroxy-5g- 
la n o s ta n -3 3 -y l A cetate
T h e  f i r s t  re p o rt  o f functionalisation  o f the  C -3 0  m eth y l g roup
78
in  7 a -h y d ro x y -5 a -la n o s ta n -3 3 - y l acetate (57) came from  F r ie d  e t a l.
in  1965. U s in g  7 molar equ iva len ts  of P b (O A c )4 , u n d e r r e f lu x  in
79 80
b e n ze n e , th e y  ob ta in ed  a 75% y ie ld  of the 7 a ,3 0 -e th e r  (58 )
58Ac O' AcOOH
75%
57
77
T h e  same g ro u p  also re p o rte d  fu n ctiona lisa tion  of the  C -30' m eth y l 
group  v ia  th e  7 -k e to n e . Photochem ical exc ita tio n  o f th e  c a rb o n y l group  
to its  t r ip le t  s ta te , fo llow ed b y  h yd ro g en  atom a b s trac tio n  and ra d ic a l 
co up ling  gave th e  7 , 3 2 -c y c lo -d e riv a tiv e  (63% y ie ld ) w h ich  could be  
tra n s fo rm e d  to  th e  hem i-ace ta l using  P b (O A c )^  (Scheme 11) (60% y ie ld ) .
SCHEME 11
hV / EtOH
78
As a lre a d y  m entioned in  Section 2, the B arto n  reac tio n  has
also been  used  to fun c tio n a lise  the C -30  position g iv in g  th e  30-oxim e  
46
in  60% y ie ld  from  3 £ -a c e to x y -5 a -la n o s ta n -7 a -y l n i t r i te .
I t  was env isaged  to functionalise  the  C -30  m eth y l g roup  in  
an in tra m o le c u la r  m anner using an a lko xy  ra d ic a l c e n tre d  a t th e  7a - 
p o s itio n : va rio u s  reag en ts  would be used to generate  th e  a lk o x y
ra d ic a l.
P re p a ra tio n  o f 7 a -H y d ro x y -5 q -la n o s ta n -3 g -y l Acetate
7 a -H y d ro x y -5 a -la n o s ta n -3 3 - y l acetate (57 ) was p re p a re d  from
82 79c ru d e  la n o s te ro l. C a ta ly tic  h yd ro g en atio n  ’ o f c ru d e  la n o s te ro l,
th e n  a c e ty la tio n , y ie ld e d  5 a -la n o s t-8 -e n -3 8 ~ y l acetate (4 4 ) .  V a rio u s
l ite r a tu r e  m ethods w ere  exp lo red  in  the p re p a ra tio n  o f 57. T h e  most
8 3c o n v e n ie n t p ro c e d u re  used the method of P in h ey  et^  a l. to  o x id ise  44 
to 3 8 ~ a c e to x y -5 a -la n o s t-8 -e n -7  one (51 ) in  65% y ie ld  b y  th e  action  o f 
^ C ^ /A c O H /^ S O ^  a t R .T .  (see E xperim enta l section 3 .4 .1 ) .  T h e  
re a c tio n  p ro b a b ly  proceeds th ro u g h  the  8a, 9 -epoxide (5 9 ) as shown in  
th e  n e x t  p re p a ra tio n . H o w ever, o th e r methods w ere e x p lo re d , such  
as th e  ep o x id a tio n  o f the  A -d o u b le  bond in  5 a - la n o s t-8 -e n -3 8 -y l  
aceta te  (4 4 ) ( 1 ^ 7 0 °  = to §*ve 8a, 9 -epox ide  (5 9 ) ( ^ 2 7 0 °  =
3520) w h ich  on sh ak in g  w ith  acid (co n cen tra ted  H B r)  undergoes cleavage  
(w ith  loss o f l^ O )  g iv in g  the  7, 9( l l ) - d ie n e  (50 ) ( I  270°  = ^370)
(see E x p e rim e n ta l section 3 .4 .2 ) .
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57AcQ OH
51
AcOA: 0 65%
+
AcQ1
80
mcpba
Ac O' Ac O'
70%
cHBr
50
Ac O'
84 85 86E p o x id a tio n  o f th e  d iene (5 0 ) ,  * * using 1 .2  e q u iv . of mcpba gave
tw o m ajor spots on T L C  (e th e r i l ig h t  petro leum  6 0 -8 0 °C , 1:2  v /v )
Rp 0 .6 5  and R p  0 .5 2  in  the ra tio  of 2 :1 , to g e th e r w ith  a v e ry  m inor 
spot R p  0 .4 1 . T h e  major epoxides corresponded  to the  A ^ ^ - ^ 8 , 8 -  
epoxide (6 0 a ) R p  0 .6 5  and to the A ^ -9a , 11-epoxide (6 0 b ) Rp 0 .52
60a
A cO ’
81
60b
A c O
60c
A cO
Shoppee and C oll have re p o rte d  th a t trea tm en t o f 5a - 
la n o s ta -7 , 9( 1 1 ) -d ie n -3 3 -y l  acetate w ith  1 e q u iv . o f mcpba y ie ld e d  th re e  
p ro d u c ts  b y  s ilica  T L C . Column chrom atography on n e u tra l alum ina  
gave u n c h a n g e d  d iene and epoxides 60a and 60b in  equal am ounts.
T h e  th ir d  most p o la r p ro d u c t was unstab le  u n d e r these chrom ato­
g rap h ic  c o n d itio n s , b u t was isolated b y  c rys ta llis a tio n  o f the  c ru d e  
epoxide m ix tu re  from  e th e r , followed b y  p re p a ra tiv e  T L C . T h e
p ro d u c t has been  id e n tif ie d  as A - 7 a , 8-ep o x id e  (60c) w h ich  can be
8 84c o n v e rte d , u s in g  B F ^ , in to  the A -7  one (5 1 ) .  Scott e t a l. have
also re p o r te d  on the  epoxidation  of 50. T h e  major p ro d u c t iso la ted
was ep o xid e  60a, to g e th e r w ith  a sm aller amount o f 60b. T h e  most
p o la r p ro d u c t from  th e  reactio n  has been id e n tif ie d  as a d iepox ide
( 60d )
82
60d
AcO
A fte r  is o la tin g  th e  epoxide 6^Oa^by flash  column ch ro m ato g rap h y , its  
1H NM R spectru m  was re c o rd e d . 71,84  H o w ever, a fte r  3 days in  
so lu tion  in  th e  NMR so lvent (C D C i^ )  the sp ectra  changed , in d ic a tin g  
isom erisation  o f (60) la rg e ly  to  the 8a~H 7 -k e to -d e r iv a t iv e  (6 1 ) .  T h is  
was m ain ly  th o u g h t to be due to traces o f acid in  the NMR so lv e n t.
AcO
84I t  has b een  shown b y  Scott et a l. th a t the epoxide [60a) w hen le f t  on
silica  fo r  3h isom erises to the 8a -H -d e r iv a t iv e  (6 1 ) .  H o w ever, no
s ig n if ic a n t isom erisation  of the  8orH 7 -ke to n e  (61 ) to the  8(3-H 7 -k e to n e
72occurs (6 2 ) on s ilica . B oar et^  a l. have re p o rte d  th a t on n e u tra l  
A £ 20 3 w ith  A cO H  the  8cr H d e r iv a tiv e  (61 ) is fu r th e r  isom erised to the
g
8 3 -H  (6 2 ) ,  to g e th e r w ith  the  A -7 -o n e  (51 ) and th a t upon tre a tm e n t u n d e r  
more v ig o ro u s  conditions (B F ^ .E ^ O )  (61)  is tran s fo rm ed  in to  the  
co n ju g ated  ke to n e  (5 l]i
83
62
AcO 1
Th e  m ix tu re  o f epoxides was th en  tre a te d  w ith  p tsa  in  AcOH u n d e r  
re f lu x  fo r  3 m in 87 to g ive  the A 8-7 -o n e  (1 .^ 7 0 °  = 3570) ( in  60% y ie ld  
ju d g ed  b y  G L C ) ,  contam inated w ith  the A 8- l l - o n e  = 3530).
g
T h is  m ethod o f p re p a r in g  th e  A -7 -o n e  (51 ) was less a ttra c t iv e  than
83the  m ethod deve lo p ed  b y  P in h ey  et a l. because i t  in v o lv e d  more 
chem ical s te p s .
3 $ - A c e to x y -5 a -la n o s t-8 -e n -7 -o n e , p roduced  b y  the  m ethod of
83 87P in h ey  e t a l. , was red u ced  w ith  L i / N H ^ ^  in  86% y ie ld  (b y  G L C ):
the  p ro d u c t on ac e ty la tio n  gave 7 -k e to -5 c r la n o s ta n -3 6 ~ y l acetate  (63 )
■Tov-:
-  270<( i 9 X „ q = 3600) (see E xp erim en ta l section 3 .4 .4 ) .
1. Li/NH
AcO1
M ethods w ere  th en  sought to reduce the sa tu ra ted  7 -ke to n e  (63 ) to  
the 7a a x ia l alcohol# B arto n  e^ t a l, ' have shown th a t red u c tio n  
(h y d ro g e n a tio n ) o f 7 -k e to -5 a - la n o s ta n -3 $ -y l aceta te  o ver Adams PtO^
Cd
ca ta ly s t gave the  7a- alcohol in  69% y ie ld . C hrom atography o f th e  
m other liq u o rs  o ver g rade  O alum ina gave 5 a -la n o s t-7 -e n -3 3 ~ y l acetate  
and 7 -k e to -5 a - la n o s ta n -3 3 _y l acetate .
H2/P t0 2 
63  l " ~~
69%
90M ore re c e n t ly , M orisak i e t a l. have s tud ied  the s te re o ­
s e le c tiv ity  in  re d u c tio n  of s te ro id a l 7 -ke to n es . In  th e ir  re p e tit io n  of
88 89the re p o rte d  h y d ro g e n a tio n  of 7 -k e to -5 a -la n o s ta n -3 (3 -y l ace ta te , ’ 
the c ru d e  p ro d u c t was saponified  and tre a te d  w ith  N -tr im e th y ls i ly l-  
im idazole (T M S Im ) to g ive the TMS e th e rs . GC-M S of the c ru d e  
reac tio n  p ro d u c t a f te r  tr im e th y ls ily la tio n  revea led  it  to be a m ix tu re  o f 
7a-o l and  7 $ -o l (as 3^7 d i-T M S  e th e rs ) in  the ra tio  73 :27 , to g e th e r
g
w ith  an u n id e n tif ie d  component (p ro b a b ly  a A -u n s a tu ra te d  3 ,7 -d i-T M S  
e th e r [ M ] +* = 5 8 8 ). T h e  ca ta ly tic  h ydrogenation  was rep ea ted  u n d e r  
70 ps i o f H 2 , using  an Adams ca ta ly s t fo r 48h (see E xp erim en ta l 
section 3 .4 .5 ) .  T L C  of the p ro d u cts  showed 4 spots (e th e r ip e t .  e th e r  
(6 0 -8 0 °C ) 1 :2  v / v )  at R r  0 .8 2 , p ro b a b ly  5 a -la n o s t-7 -e n -3 3 ~ y l ace ta te ,r
85
R f  0 .5 5 , co rresp o n d in g  to 7 -k e to -5 a -la n o s ta n -3 3 "y l ace ta te , R p 0 .3 1
and 0 .2 7 , co rresp o n d in g  re s p e c tiv e ly  to 7 3 - and 7 a -h y d ro x y -5 a -
la n o s ta n -3 3 ~ y l ace ta te . Packed column GLC of the  reactio n  m ix tu re
re v e a le d  a p resum ed 5 a -la n o s te n -3 3 -y l acetate w ith  I ^ qo = 3355» b u t
fa iled  to  sep ara te  th e  7a- and 73_alcohols (g iv in g  one peak  ^2^70° =
3640 ). T h e  c ru d e  reaction  m ix tu re  was subjected to p re p a ra tiv e  T L C
(e th e r :p e t .  e th e r  (6 0 -8 0 °C ) 1:2 v / v ) .  A band betw een R p 0 .1 0  and
0 .4 0  was e x tra c te d  and the m ateria l there from  tre a te d  w ith  TM S Im .
C a p illa ry  GLC of th e  p ro d u cts  revea led  two peaks -  I_ = 3586 and I_ =
3512 in  th e  ra t io  78:22 fo r  33- OAc 7a~OTM S: 33_OAc 73 - OTM S, re s p e c tiv e ly
(T a b le  20 ( i ) and 2 0 (i i ) ) .  Th is  confirm ed th a t 7 a -h y d ro x y -5 a ~ la n o s ta n -
3 8 -y l  ace ta te  is  the  major p ro d u c t from  ca ta ly tic  h yd ro g en a tio n  o f
90
7 -k e to -5 a - la n o s ta n -3 3 ~ y l aceta te . M orisaki et a l. also found  th a t
h y d ro g e n a tio n  o f 33 - h y d ro x y -5 a -la n o s ta n -7 -o n e  on P t in  E tO A c /A cO H
80gave th e  7 3 _a.lcohol as the major p ro d u c t. Sato ert a l. have shown  
th a t c a ta ly tic  h y d ro g e n a tio n  of 38- a .c e to x y -5 a -la n o s t-8 -e n -7 -o n e , in  the  
p resence  o f P tC ^ in  A cO H , g ives the 7a-o l in  26% y ie ld .
57
AcO' OH
AcO
The o th e r p ro d u c ts  from  th is  reaction  were separated  b y  column
ch ro m a to g ra p h y , a ffo rd in g  5 a - la n o s t-8 -e n -3 $ -y l aceta te , 5 a - la n o s t-7 -
e n -3 $ - y l  a c e ta te , and 5a- lanosta- 7 ,9 (  11 )- d ie n -3 3 - y l ace ta te . P a rish  
79
and S c h ro e p fe r have also obtained 57 b y  red u ctio n  o f a m ix tu re  of 
7a, 8a - and 8a, 9 a -e p o x y -5 a -la n o s ta n -3 3 -o ls , followed b y  selective  
a c e ty la tio n . H o w e v e r, y ie lds  w ere low and the p ro ced u re  p ro v e d  
tro u b leso m e.
90M o risak i e t a l. have shown th a t red u ctio n  of 3 $ -h y d ro x y -  
5 a -la n o s ta n -7 -o n e  w ith  L -S e le c tr id e  ( l i th iu m - t r i -sec-b u ty lb o ro h y d r id e )  
(A ld r ic h )  s e le c tiv e ly  y ie ld s  the 7a~axial alcohol (68% y ie ld ) .  W ith  
L -S e le c tr id e  no re d u c tio n  was observed  when 7 -k e to -5 a -la n o s ta n -3 $ - y l  
acetate o r 3 3 ~ a c e to x y -5 a -la n o s t-8 -e n -7 -o n e  was used.
1 ■ —  >  
L-Selectride
68%HO OH
T h e  re d u c tio n  o f 33 - h y d ro x y - 5a- lanostan- 7-one w ith  L ~S e lec trid e  was
e ffe c te d  in it ia l ly  on a small scale (see E xperim enta l section 3 .4 .6 ) .
A f te r  a c e ty la tio n , T L C  (e th e r : l ig h t  petroleum  (6 0 -8 0 °C ) 1 :2  v /v )
in d ic a te d  3 p ro d u c ts : Rp 0 .5 1 , corresponding  to 7 -k e to _5a~lanostan_
3(3-yl a c e ta te , R „  0 .2 3 , co rrespond ing  to 7 a -h y d ro x y -5 a -la n o s ta n -3 3 -y l  
r
a c e ta te , and a p o la r m ateria l s tre a k in g  on the p la te . P re p a ra tiv e  T L C
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was used  to rem ove the 7 a -h y d ro x y -5 a -la n o s ta n -3 $ -y l aceta te . On
G LC , one p e a k  was observed  at I°2 7 0 ° = 3635 and on ™ S e th e r
fo rm ation  gave -L 270° = (T ab le  20 ). C a p illa ry  GLC showed on ly
one p eak  I_ = 3578 fo r 7 o rh y d ro x y -5 o rla n o s ta n -3 $ -y l acetate and on TMS
e th e r fo rm atio n  I_ = 3586 (T a b le  2 0 ( i i ) ) .  T h e re fo re , as re p o r te d ,
L -S e le c tr id e  y ie ld s  on ly  one stereoisom er. On scaling up the  L -
S e le c trid e  re d u c tio n  o f 7 -k e to -5 a -la n o s ta n -3 3 “y l acetate reac tio n s ,
problem s w ere  en countered  in  th a t , a fte r  the reaction  w o rk -u p , a w axy
m ateria l contam inated  the p ro d u c t. Washing w ith  1M NaOH fa iled  to
rem ove th is  w axy  m ateria l. I t  was thought th a t th is  m ateria l was
t r i - s e c -b u ty lb o ra n e  (R ^B ) a n d /o r  d i - sec-b u ty lb o rin ic  acid (R 2B O H ) .
B oth  m ateria ls  can be oxid ised  w ith  a lka line  ^ 0 2  to g ive th e  b a s e -  
91soluble N a B (O H )^  (see E xperim enta l section 3 .4 .7 )  (Scheme 12 ). 
SCHEME 12
R 3B + 3H20 2 + NaOH  3ROH + N a B (O H )4
R 2BO H + 2H 20 2 + NaOH ------ >* 2ROH + N a B (O H )4
T h e  k e y  step in  the  b iosynthesis  of cho lestero l and e rg o s te ro l
from  la n o s te ro l is  the  rem oval o f the C -1 4  m ethyl group (C -3 0 )  b y  the
enzym e lan o s te ro l 14a-m ethyl dem ethylase which is a cytochrom e P -450
92m o n o -o xyg en ase-co n ta in in g  enzym e. In  th re e  0 2 /N A D P H -d e p e n d e n t  
s te p s , th e  14a -m eth y l group is f ir s t  h y d ro x y la te d  and th en  o x id ised
to the a ld e h y d e . T h e  n a tu re  of the th ird  oxidation s te p , w hich  
re s u lts  in  th e  loss o f the C - 30 as formate and the form ation o f the  
8 ,1 4 -d ie n e , is s t il l  u nc lear (Scheme 13)
SCHEME 13
NADPH+O
NADPH+02
HCOoH
'2
CHO
L an o s te ro l and  2 4 ,2 5 -d ih yd ro lan o s te ro l are  both  e ff ic ie n tly  co n verted
g
to c h o le s te ro l. 3 0 -H y d ro x y “ 5oi-lanost-8- e n -3 $ - ol (64 ) (A ”C H 2O H ) 
and 33 - h y d ro x y -5 o r la n o s t-8 -e n -3 0 -o l (65) (A -C H O ) have b o th  been  
id e n tif ie d  as m etabo lites .^^  H ow ever, 33- h y d ro x y ” 5a -la n o s t-7 '-e n -3 0
y
ol (6 6 ) ( A 7- C H O ) , 5 a - la n o s t-7 -e n e -3 3 ,3 0 -d io l (67 ) (A -C H 2O H ) , and  
5 a - la n o s t-6 -e n e -3 3 , 30 -d io l (68 ) (A 6-C H 2O H) w ere not m etabohsed to  
the 8 ,1 4 -d ie n e .
89
OH
H O '
64
CHO
H O ’
CHO
HO'
90
HO1
67
HO1
68
T h u s  th e re  is  a h ig h  degree of s u b s tra te  sp ec ific ity  fo r th e  double  
bond p o s itio n  in  th e  s te ro id  nucleus.
93In h ib ito rs  of lanostero l 14orm ethyl dem ethylase a re  o f use
94as possib le  ch o lestero l low ering  agents and as an tim yco tics .
24 (S ) -  2 5 -E p o x y -5 a - la n o s t-8 -e n -3 $ -o l, 3 $ -h y d ro x y -5 a -la n o s t-8 -e n -7 -o n e ,
and 1 5 -o x y g e n a te d  lanostero l d e riv a tiv e s  are all in h ib ito rs  o f cho lestero l
91b io syn th es is  from  2 4 ,25 -d ih yd ro lan o stero l in  v i t r o . 3 0 -H y d ro x y la te d
lan o s te ro l d e r iv a tiv e s  have been shown to in h ib it  s tero l b iosyn thes is  in
92anim al ce ll c u ltu re s , and to reg u la te  3 -h y d ro x y -3 -m e th y lg lu ta ry l  
coenzym e A (H M G -C o A ) red u ctase . T h e re fo re  these n a tu ra lly  o c c u rr ­
in g  o x y g e n a te d  s tero ids  may be im portan t in  the re g u la tio n  o f s te ro l 
b io s y n th e s is .
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T h e  approach in tro d u ced  b y  F rie d  eit a l . ^  fo r the  fu n c tio n -
a lisa tio n  o f th e  C 30 position  was attem pted . Both the 7a-  and 9a—
h y d ro x y l g roups (1 ,3 -d ia x ia l to C -3 0 ) w ith  O -C (3 0 ) d istance o f 2 .5  to  
o
2 .6  A a re  p ro p e r ly  positioned fo r reaction  to occur. H o w ever, 9a- 
h y d ro x y -5 a - la n o s ta n -3 $ -y l acetate gives fragm entation  ty p e  p ro d u c t  
(69 ) re s u lt in g  from  the in it ia l form ation of the te r t ia r y  ra d ic a l at C -1 0  
b y  fiss io n  o f the  9 , 1 0 -b o n d .^
Ac O
7 a -H y d ro x y -5 c r la n o s ta n -3 |3 - y l acetate was tre a te d  w ith  7 e q u iv . o f 
P b (O A c )^  u n d e r  re f lu x  in  benzene o v e rn ig h t to g ive the 7a, 3 0 -e th e r  
(5 8 ) in  90% y ie ld  b y  GLC (see E xperim enta l section 3 .4 .8 ) .
No reac tio n  o ccurred  when a solution of 7 a -h y d ro x y -5 a -  
la n o s ta n -3 3 -y l acetate  contain ing 12 in  cyclohexane was ir ra d ia te d :  
o n ly  th e  s ta r t in g  m ateria l was reco vered  unchanged . H o w ever, w ith  
P b (O A c )4 / I 2 u n d e r irra d ia tio n  conditions, a v a r ie ty  o f p ro d u c ts  are  
form ed and m icroanalys is ( fo r  iod ine) has shown th a t none o f the  
p ro d u c ts  conta in  iod ine (see E xperim enta l section 3 .4 .9 ) .  M on ito ring  
th e  re a c tio n  b y  T L C  revea led  th a t a fte r  45 m in, none of the  s ta r t in g  
m ateria l (5 7 ) rem ain ed . T L C  ind ica ted  cji. 7 spots (T a b le  2 0 ).
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TaS 1_  ? 9 . : T L p . Pro d u c ts from 7g ~ h y d ro x y -5 g -la n o s ta n -3 g -y l acetate
w ith  P b (O A c ) 4 I I 2 / h r .
r f Proposed assignm ent
0 .64 (m ajor) unknow n
0 .58 (m inor) 3 3 -0 A c , 7-one
0 .52 (m ajor) 3B“O A c, 7 a ,3 0 -e th e r
0 .4 7 unknown
0.42 unknow n
0 .37 unknow n
0 .09 unknow n
e th e r : lig h t  petroleum  (1 :2  v /v )
GLC o f th e  c ru d e  p roducts  ind ica ted  a complex reaction  m ix tu re  (T a b le  
21 )
T a b le  21: GLC of p roducts  from  7 q -h y d ro x y -5 q -la n o s ta n -3 6 ~ y l acetate
re a c tio n  w ith  P b (O A c )  ^1 1 2
O V -1  
-  270°
Proposed assignm ent
3390 broad  peak
(3465) broad  peak
3560 1
f  b road  peaks
3580 J
3615 3 6 -0 A c , 7a, 30 -e th e r
(3660) broad  peak
3780 broad  peak
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A p o rtio n  o f th e  reactio n  m ix tu re  was subjected, to p re p a ra tiv e  T L C
(see E x p e rim e n ta l section 3 .4 .9 ) .  The  band rem oved at 0 .6 1  was
F
s lig h tly  more n o n -p o la r than  7 -k e to -5 c r la n o s ta n -3 3 -y l ace ta te , and GLC  
showed tw o p e a k s , I ^ qo = 3380 and I ^ qo = 3360. T h e  f ir s t  p e a k , 
-°2 7 0 ° = 3380 ' WaS sim ilar in  re ten tio n  to 5 a - la n o s ta -7 ,9 ( l l ) -d ie n -3 $ -y l  
ace ta te . T h e  mass spectrum  of Rp 0 .6 1 , contain ing two peaks b y  G L C , 
re v e a le d  th e  h ig h es t ion to be at m/z^ 500, and the IR  spectrum  gave  
two c a rb o n y l absorp tions at 1732 cm  ^ and 1720 cm 3 co rrespond ing  to 
an e s te r  c a rb o n y l and an a ldehyde or ketone carbony l (s a tu ra te d  6 -r in g )  
re s p e c tiv e ly .
G C -M S , u n d e r ammonia C l and E l cond itions, was p erfo rm ed  
fo r th is  m ix tu re . U n d er C l conditions, two peaks w ere o b served : 
the  f i r s t  peak  was th o u g h t to be 1 ^ 7 0 °  = 8888 ^n o  P r e c i se re te n tio n  
d ata  w ere  ob ta in ed  on G C -M S) and revea led  the m olecular ion to be 484, 
co rresp o n d in g  to loss of 4 hydrogens from the s ta rtin g  m ateria l (7 a -  
h y d ro x y -5 a -la n o s ta n -3 8 ~ y l acetate , m /z 488) (T ab le  2 2 ). G C-M S (E l)  
confirm ed  th is  to be the molecular ion (T ab le  2 2 ). T h e  re te n tio n  in d e x  
(L °270° = on GLG was close to tb a t 5a - la n o s ta -7 ,9 (1 1 ) -
d ie n -3 3 -y l  acetate  (m /z  468) (5 0 ) .  H ow ever, th is  ty p e  of s tru c tu re  
was e lim inated  w hen GC-M S ind icated  an add itional 16 amu (ra/^. 484) 
w hich  may be due to epox idation . The  second p e a k , presum ed to be 
-°2 7 0 ° = 3560' rev e a le d  the molecular ion to be 500 amu u n d e r ammonia 
C l (T a b le  2 3 ) . From the s ta rtin g  m ateria l (57 ) (m /z  = 4 8 8 ), th e re  
m ust be loss o f fo u r hydrogens and addition  of an oxygen  atom to g ive  
m /z  500. U n d e r E l cond itions, the h ighest observed  ion was at 454 
am u, w h ich  is 46 amu (poss ib ly  CO + H 20 )  low er than  the m olecular ion  
of 500 amu (T a b le  2 3 ).
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A fte r  iso la ting  a la rg e r  q u a n tity  (6 .2  mg) o f th is  m ix tu re  b y  
column c h ro m a to g ra p h y , the 200 MHz 1H NMR spectrum  (T a b le  24) 
re v e a le d  a 1H p ro to n  s in g le t at 8 .05 ppm . Th is  reg ion  is u su a lly  
associated w ith  a form ate p ro ton  (-O C H O ). A broad  (1 H , s) s igna l o f 
5 .4 9  ppm in d ic a te d  an o lefin ic  p ro to n . A n o th er o le fin ic  p ro to n  (1 H , s) 
o c c u rre d  a t 5 .0 2  ppm . The  o ther signal of in te re s t o ccu rred  at 3 .65  
ppm ( l H , m ) .  T h e re fo re , possible s tru c tu re s  fo r component I^ 27qo = 
3560 to f i t  the  p h ys ica l measurements would be (70 ) and (71 )
70
; CHO
71
Fo r th e  m ix tu re , the  signal in  3H NMR at 8 .05 is genuine in  the  reac tio n  
m ix tu re , since i t  was p resen t when the 4H NMR spectrum  of the whole 
reac tio n  m ix tu re  was reco rd ed .
T re a tm e n t of th is  m ix tu re  w ith  NaBH^ on a small scale (see  
E x p e rim e n ta l section 3 .4 .1 0 )  gave two spots on T L C . T h e  m ix tu re  had  
Rp 0 .7 0  and w ith  NaBH^ red u ctio n  gave Rp 0 .70  plus Rp 0 .4 4  
( e th e r : l ig h t  p e tro leu m , 1:2 v / v ) . GLC revea led  incom plete re d u c tio n
p ro d u c in g  I ° 2^ qo = 3540 ^w hich is a sh o u ld er) from L°270° = 3550 to Se th e r  
w ith  u n ch an g ed  I ^ qo = 3380* The  o ther bands rem oved from  the  
p re p a ra t iv e  T L C  p la te 'w e re  m ixtures  of compounds as ju d g ed  b y  G LC .
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H o w e v e r, th e  b and  at Rp 0 .0 9  gave 1 ° ^  = 3770 on GLC and th e  mass 
spectrum  showed the h ighest ion to be 484 amu (T a b le  2 5 ). I t  was 
th o u g h t th a t  th is  p ro d u c t was the hem i-aceta l (70ft) and th a t th e  ion  
o c c u rrin g  a t 484 amu was [M + ‘ (5 0 2 )-H _ O ].
u
OH
AcO
7 Oft
A fte r  th e  iso lation  of more of th is  m ateria l (70A ) (2 .4  mg) b y  column  
c h ro m ato g rap h y  its  IR  spectrum  showed a band at 3615 cm 1 (w ) ( f re e  
r ( O - H ) )  in d ic a tin g  a n o n -h yd ro g en  bonded O -H  to g e th er w ith  a b and  
associated w ith  th e  es te r carbonyl (1732 cm 1 ( s ) )  (T a b le  2 6 ). T h e  
NM R spectrum  of (7 0 ^  was weak due to sample size (c a . 2 m g ). 
H o w e v e r, i t  d id  show a signal at 5 .45 ppm w hich has been assigned as 
the C -3 0  C H  in  h em i-aceta l(70A ) (T a b le  27 ). T h e re  was also a b ro ad  
s ig n a l a t 4 .1 5  ppm assigned to the 73~H.
Sm all-scale  trea tm en t o f the hem i-aceta l (R p  0 .1 1 , e th e r :p e t .  
e th e r  1 :2  v / v )  w ith  PCC in  C H 2C&2 at R T  fo r lh  15 min p ro d u ced  a 
less p o la r spot on T L C  (R p  0 .5 0 ) (see E xperim enta l section 3 .4 .1 1 ) .  
T h e  IR  spectrum  of th is  m ateria l revea led  two carb o n yl absorptions at 
1771 cm "1 and 1735 cm "1 assigned to a 5 -r in g  lactone carb o n y l and an 
e s te r c a rb o n y l, re s p e c tiv e ly  (T a b le  2 8 ). The MS of th is  suspected  
lactone (T a b le  29) (71A ) had a m olecular ion of 500 amu and the  
frag m e n ta tio n  p a tte rn  showed loss of 44 amu (CC>2) from  the  m olecular 
io n .
96
c = o
AcO
71A
On re p e a tin g  th e  P M O A c ^ / I^ /h r  reaction  (u n d e r sim ilar conditions as 
b e fo re  on a s lig h tly  la rg e r  scale, 107 mg of the crude p ro d u c t was 
ob ta in ed  and  sub jected  to care fu l column chrom atography (T a b le  3 0 ).
T h e  7a, 3 0 -e th e r  (58 ) could be isolated (fra c tio n  10 ). F ra c tio n  15 
y ie ld e d  m ate ria l (1 .3  mg) which gave two spots on TLC  (R p  0 .5 9 ,
Rp 0 .5 4 ) .  GLC revea le d  two peaks: I ^ qo = 3615, correspond ing  to the  
7 a ,3 0 -e th e r  ( 5 8 ) ,  and the o ther having  ^~270° = 3770. IR  of th is  1:1  
m ix tu re  had bands at 1770 cm 3 (m) and 1731 cm  ^ (s ) in  the  carb o n y l 
reg io n  (T a b le  3 1 ) , to g e th er w ith  e th er s tre tc h in g . GLC re te n tio n  
data  in d ic a te d  th a t the more po lar p ro d u ct in  the m ix tu re  was lactone  
71 and th e  IR  confirm ed a 5 -r in g  lactone s tru c tu re .
R eaction  of 7 q -H y d ro x y -5 a -la n o s ta n -3 6 -y l A cetate w ith  CAN
T re a tm e n t o f 7 a -h y d ro x y -5 a -la n o s ta n -3 3 ~ y l acetate (57 ) w ith  
2 .5  e q u iv . o f aqueous CAN gave two p roducts  as judged  b y  T L C  and  
GLC (see E xp erim en ta l section 3 .4 .1 2 ) .  The major p ro d u c t (R p  0 .5 0 )  
co rresp o n d ed  to 7a, 3 0 -o x id o -5 a -la n o s ta n -3 $ -y l acetate (58 ) and GLC gave
-°27o° = 3615 in 26% yield* The other minor Product <Rf  0,06) gave 
—*~270° = 3^30 and  com prised 4% y ie ld  as judged  b y  G LC . A b o u t 69% of
the  s ta r t in g  m ateria l (57 ) was le ft  unchanged.
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T ab le  30. Colum n chrom atography of crude p roducts  from  the reac tio n  
of (57 ) w ith  P b (O A c) ^/ I^ /h r
S elected  frac tio n s Comments
7 -9 combined (30 mg) 
s p o ts :- R p 0 .7 3 , 0 .7 0 , 0 .6 6 , 0 .59
10
s p o ts :- Rp 0 .59  (1 1 .6  mg)
TO V - l  _ - A1,
-2 7 0 °
(7 a ,3 0 -e th e r )
15
s p o ts :-  Rp 0 .5 9 , 0 .54  (1 .3  mg)
TO V —1 _ o /-.r TO V - l  _ 777n 
- 2 7 0 °  ' -  270°
19-22
s p o ts :-  Rp 0 .10  (5 .5  mg)
jO V -1  _ 3 7 7 q
-  270°
Colum n ch ro m ato g rap h y was used to separate the p ro d u c ts . B oth  the  
7a, 3 0 -e th e r  (5 8 ) and the 7a-ol (57 ) were isolated to g e th e r w ith  the  
u n kn o w n  p ro d u c t hav in g  I_^ 27qo = 3730. The mass spectrum  of th is  
u n kn o w n  com ponent had the h ig h est mass at 512 amu, b u t the  fra g m e n t­
ation  p a tte rn  suggested  the molecular ion to be 502 amu (T a b le  3 2 ).
T h e  m olecular w e ig h t of the p ro d u ct d e rived  from  57 corresponded  to  
the  ad d itio n  o f an oxygen  atom and loss of two h y d ro g e n s . T h e  mass 
spectrum  was d if fe re n t  from  th a t o f the hem i-acetal (7 0 ) .
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E x p e rim e n ta l Section -  3 .1 .1
A c e ty la tio n  o f c ru d e  lanostero l
A so lu tion  of crude  lanostero l ( 2 1 .88g) in  d ry  re d is tille d  
p y r id in e  (40  ml) and acetic a n h yd rid e  (190 ml) was g e n tly  re f lu x e d  fo r  
45 m in . A f te r  th is  tim e, an a liquot was rem oved and checked b y  
m ic ro -T L C . T h e  solvents were rem oved u n d er red u ced  p re s s u re  and  
the  m ate ria l c ry s ta llis e d  from  Et^O /M eO H  to y ie ld  crude  la n o s te ry l 
acetate  (1 8 .0 8 g ) .  GLC showed the ra tio , la n o s te ry l acetate: 2 4 ,2 5 -  
d ih y d ro la n o s te ry l acetate to be 60:40 . 90 MHz NMR (C D C Jl^ ):
6 5 .1 0  (1 H , t ,  24 -o le fin ic  H ) , 4 .50 (2 H , m, 3 o rH ) , 2 .0  (6 H , s C H 3C O ) , 
1 .59  ( 3 H , s , 26- or 2 7 -C H 3) , and 1.66 (3 H , s, 26- or 2 7 -C H 3) .
E x p e rim e n ta l Section -  3 .1 .2
E p o x id a tio n  o f c ru d e  la n o s te ry l acetate
C ru d e  la n o s te ry l acetate ( 1 9 .96g) was d issolved in  C H C & 3) 
(60 m l) . A mcpba solution (7 .6 3 g , 25.56 mmol, 1 .7  molar e q u iv . w ith  
re s p e c t to  la n o s ta -8 ,2 4 -d ie n -3 $ -y l acetate) in  C H C & 3 (100 ml) was 
added  dropw ise  w ith  s t ir r in g  at -1 0 °C . A w hite p re c ip ita te  was noted  
a f te r  th e  to ta l ad d itio n  of the mcpba so lu tion . T h e  re s u ltin g  m ix tu re  
was le f t  in  th e  re fr ig e ra to r  o v e rn ig h t (~  5 °C ) . T h e  so lu tion  was 
t ra n s fe r re d  to  a sep ara tin g  fu n n e l, washed tw ice w ith  1M NaOH  
so lu tion  th e n  w a te r . E x tra c tio n  w ith  C HC & 3 (see gen era l exp erim en ta l 
p ro c e d u re ) y ie ld e d  a w hite  solid (2 0 .4 1 g ) .
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Mass s p e c tra l d ata  fo r 8ot, 9 epoxy-5ot-lanostan~3$~yl acetate (se lec ted  io n s ) 
C 32H 5 4 °2  M = 486
m /z Io n  type 0.0
471
!
[M + ,-C H 3‘ ] 0 .7
468 [M + , - H 20 ] 15.6
453 [M +* -H 20 - C H 3' ] 4 .1
426 [M + , -C H 3C 0 2H] 1 .2
411 [M + , -C H 3C 0 2H -C H 3*] 7 .8
408 [M + , -C H 3C 0 2H -H 20 ] 4 .0
393 [M + * -C H 3C 0 2H -H 20 - C H 3 ' ] 32 .4
339 10.4
313 [M +*-s id e  c h a in -C H 3C 0 2H ] 4 .1
295 [M + < -s id e  c h a in -C H 3C 0 2H -H 20 ] 2 .7
291 27 .6
196 2 .0
136 59 .1
43 [C 3H ?] + or [C H 3CO ] + 100
AcO
m/z 136 m/z 196
I n f r a r e d  s p e c t r o m e t r ic  d a ta  o f  8a , 9 -e p o x y - 5 g - la n o s ta n - 3 |3 -y l a c e ta te  
(K B r  d is c )
B ands observed  
(c m ~ l) Group
2950 (s ) v(C-H)
1735 (s ) v(C=0) ester
1465 (m) (C-H) d e f.
0
1375 (s ) v(C-H) CH3ci-
1260 (s ) v(C-O)
900 (m) 1
> v(C-O-C)
800 (m) J
1 75200 MHz H NMR of 8g, 9 -e p o x y -5 g -la n o s ta n -3 6 -y l acetate
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Flash  column chrom atography w ith  successive e lu tion  b y  
to lu e n e :lig h t petro leum  (6 0 -8 0 °C ) ( 1 :1 ) ,  to luene, and fin a lly  C H C J^ , 
p ro v id e d  good separa tions . U nder these conditions, 24, 2 5 -d ih y d ro -  
la n o s te ry l acetate  is e lu ted  f ir s t  using to lu en e: lig h t petro leum  u n t il the  
d e s ire d  w e ig h t is  ob ta ined , then toluene and C H C &3 e lu tion  g ive 24- 
( R , S ) -2 5 -e p o x y la n o s te ry l acetate. 90 MHz XH NMR (C D C £ 3) :  6 4 .50
(1 H , m, 3c t-H ), 2 .70  (1 H , t ,  2 4 -H ) , 2 .04  (3 H , s, C H 3C O ) , 1 .31  (3 H , 
s , 26 - o r 2 7 -C H 3) ,  1.28 (3 H , s, 26- or 2 7 -C H 3) , 1 .01  (3 H , s ) , 0 .88  
( 9H , s ) ,  0 .6 9  ( 3 H , s ) .
R ed u ctio n  o f 2 4 (R ,S )-2 5 -e p o x y la n o s te ry l acetate
2 4 (R ,S )-2 5 -e p o x y la n o s te ry l acetate (8 .8 1 g , 18.2 mmol) was 
d isso lved  in  d ry  T H F  (370 m l). L ith ium  aluminium h y d rid e  (9 .3 1 g ,  
2 .7 3  mmol) was added then  the m ixtu re  re flu x e d  fo r 12h. A f te r  th is  
time th e  excess LA H  was quenched w ith  E tO A c, then  w a te r . T h e  
A £ (O H ) 3 was f ilte re d  o ff and washed w ith  hot E tO A c. A sample was 
ta k e n  fo r  GC and GC-M S analys is . The p ro d u ct was c ry s ta llis e d  from  
E tO A c , m .p . 162-165°C  ( l i t . ,  1 8 4 -1 8 6 °C ). 68
G C -M S  ana lys is  of p roducts  from the reduction  of 2 4 (R ,S ) -2 5 -e p o x y -  
la n o s te ry l acetate
A sample o f the p ro d u c t (~  500 ug) was tre a te d  w ith  B S T F A  
(30 n £ ) at 80°C  fo r 30 min to g ive p roducts  w ith  I °270o = 3540 (m in o r) 
and I_^270° = (m a jo r).
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Scan 1 (m inor peak) = 3540
m /z Ion  type O0
588 [ M ] +* 34
573 [m +* - c h 3 ‘ ] 15
498 [M +* -TM S O H ] 20
483 [ m + ,- t m s o h - c h 3 *] 44
393 [M +' - 2  x  T M S O H -C H ^ ] 100
309 15
297 [M +‘ -S C -T M S O H ] 15
229 21
213 24
T h o u g h t to  be 2 4 (R ,S )-h y d ro x y la n o s te ro l d i-T M S  e th e r .
201
OTMS
TM SQ1
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Scan 2 (m ajor peak) L ^ qo = 3550
m /z Ion  typ e 00
588 [M ] +* 13
573 [ m + ,- c h 3 ' ] 9
498 [M +* -T M S O H ] 34
483 [ m + ,- t m s o h - c h 3] 41
427 6
393 [M +* -2  x  T M S O H -C H 3] 100
350 3
337 [427-TM S O H ] 26
309 5
297 [M +* -T M S O H ] 4
283 6
272 7
253 5
229 10
215 10
201 7
199 4
187 12
174 10
161 9
149 7
135 20
131 [ c 3h 6o tm s ]  + 47
M etastab le  tra n s itio n s
O b served C alculated
585 .5  M +
469 .0  M +
4 07 .0  M +
5732
588“  = 558 ' 38
— ?  = 468 45 
498
4832
573 = 407 * 13
TM S Q
O TM S  
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A I = 260 fo r  25 -h y d ro x y la n o s te ro l d i-T M S  e th e r /la n o s t-8 -e n -3 3 _ol
TM S e th e r  (see Table  9 ).
2 5 -H y d ro x y la n o s te ro l (100 M Hz) 3H NMR (p y r id in e ):  6 3 .0 8  (1 H , m,
3 a - H ) , 1 .13  ( 6 H , s , (C H 3) 2C (O H ) , 0 .93  (3 H , s ) , 0 .89  (3 H , s ) , 0 .78  
( 3 H , s ) ,  0 .7 4  ( 3H , s ) , 0 .60  (3 H , s ) .
M onoacetylation  o f 25 -h yd ro xy lan o s te ro l
2 5 -H y d ro x y la n o s te ro l (1 .8 5 1 g , 4 .16  mmol) was d issolved in  
d ry  re d is t il le d  p y r id in e  (100 ml) and acetic an h yd rid e  (200 m l). T h e  
m ix tu re  was heated  at 85°C fo r 30 m in. The solvents w ere rem oved
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u n d e r re d u c e d  p re s s u re  and the m ateria l re c ry s ta llis e d  from  MeOH /
I ^ O ,  m .p . 151-155°C  ( l i t . ,  167-168°C , Sublim es) T h e  p u r ity  was
checked  b y  T L C  and  GLC (see Tab le  9 ) .
E x p e rim e n ta l Section -  3 .1 .3
CAN o x id a tio n  o f 2 5 -h y d ro x y -5 g -la n o s t-8 -e n -3 g -y l acetate
25~ H y d ro x y -5o rla n o s t-8- e n - 30- y l  acetate (9 3 .6  m g, 0 .1 9  mmol) 
was d isso lved  in  CH^CN (30 ml) and heated to 80°C . CAN (2 .1 0 g ,
3 .83  mmol) in  w a te r (4  ml) was added dropw ise. On ad d itio n  o f the  
f i r s t  few  d ro p s , decolorisation was no ted . T h e  reactio n  m ix tu re  was 
h ea ted  a t 80°C  fo r  15 m in , then  w ater (8  ml) was added and th e  reac tio n  
m ix tu re  e x tra c te d  w ith  CH^CJ?^* T h e  e x tra c ts  w ere d rie d  o ver 
an h y d ro u s  MgSO^ and the  so lvent rem oved to y ie ld  a b row n  oil (~  100 m g ).
E x p e rim e n ta l Section -  3 .1 .4
A tte m p te d  base h y d ro ly s is  and acid ex tra c tio n  of the n itrogenous  
p ro d u c t I°2 7 0 °  = 4100
T h e  n itro g en o u s  p ro d u c t (600 ug) in  E tO H  (0 .5  ml) was 
tre a te d  w ith  10% N aO H (aq ) (0 .4  ml) fo r 45 min at 65°C . A f te r  th is  tim e, 
th e  E tO H  was rem oved u n d e r a N^ stream , the solution was n e u tra lis e d  
w ith  2M H C x . C h loro form  ex trac tio n  gave the organic  e x tra c t .  T h e  
acid ic  aqueous e x tra c t  was n e u tra lis e d  and e x tra c te d . H o w ever, GLC  
an a lys is  re v e a le d  on ly  m inor amounts in  th a t e x tra c t . T h e  organ ic  
e x tra c t  con ta ined  two compounds, = 3999 and I_ 270°  = 3640, and
b o th  w e re  more p o la r (b y  T L C ) than  the n itrogenous p ro d u c t (I_ 270°  -  
4 1 0 0 ).
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GLC an a lys is  or organic  e x tra c t
rO V - l  A c2 ° rO V - l
- 2 7 0 °  3990  ^  - 2 7 0 °  = 4100
I OV_1 -  3640 AC2°  .  TO V - l
— 270° 3640 *  - 2 7 0 °  " 3720
E x p e rim e n ta l Section -  3 .2 .1
C A N  o x id a tio n  of 5a -T an o st-8 -en -3g —yl acetate
5 a -L a n o s t-8 -e n -3 3 ~ y l acetate (103 mg, 0 .219  mmol) was
d isso lved  in  CH^CN (33  m l). CAN (2 .5 5 g , 4 .65  mmol) was d isso lved  in
w a te r (2 .3  m l) and added dropwise to the s tero id  solution w ith  s t ir r in g .  
T h e  m ix tu re  was th en  heated at 80°C fo r ca. 15 m in, then  d ilu te d  w ith  
w a te r and e x tra c te d  w ith  E tO A c. The e x tra c ts  were d rie d  and the  
so lven t rem oved u n d e r reduced  p ressu re  to y ie ld  a b row n oil (97  m g ).
GLC o f p ro d u c ts  from  the CAN oxidation  of 5 q - la n o s t-8 -e n -3 g -y l
acetate
£ = 3380 (m inor peaks in  b ra c k e ts )
■“  u  l  v
= 3530
= (3610)
= (3650)
= 3900
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P re p a ra tiv e  T L C
ca. 5 mg of the above reaction  m ix tu re  was app lied  to a 
20 x  20 cm, 0 .2 5  mm T L C  p la te . C hrom atography was e ffec ted  w ith  
C H C & 2 *E tO A c (9 :1  v / v ) .  Two U V -a c tiv e  bands w ere scraped  o ff the
p la te  and e x tra c te d  (R „  0 .3 1 , R 0 .8 9 ) .r F
E x p e rim e n ta l Section -  3 .2 .2
A cid  h y d ro ly s is  o f the n itrogenous p ro d u ct (45)
T h e  n itrogenous p ro d u ct (45) (1 .1  mg) in  absolute E tO H  
(1  ml) was heated  w ith  1.1M H C £ (2 ml) fo r 24h at 80°C . A f te r  th is  
tim e, th e  E tO H  was rem oved u n d er a N 2 s tream , the reactio n  m ix tu re  
e x tra c te d  w ith  E tO A c , these ex trac ts  being  fu r th e r  washed w ith  
aqueous a c id . T h e  combined acidic ex trac ts  were n eu tra lis e d  w ith  
N a O H (a q ) and th en  re -e x tra c te d  w ith  E tO A c. H ow ever, no m ateria l 
was fo u n d  in  th is  e x tra c t . The organic e x trac ts  w ere d r ie d  o ver  
a n h y d ro u s  Na^SO^ and solvent rem oved u n d er a ^  stream  to y ie ld  a 
w h ite  so lid  (~  800 n g ).
E x p e rim e n ta l Section -  3 .3 .1
C a ta ly tic  h y d ro g e n a tio n  of 2 4 (R ,S )-h y d ro x y -c h o le s t-5 -e n -3 3 ~ y l  
ac e ta te^
To  a so lution of 24(R ,S ) -h y d ro x y -c h o le s t -5 -e n -3 8 -y l  
acetate  (2 0 5 .7  m g, 0 .46  mmol) in  EtOAc (12 m l), 5% P t on charcoal 
was added  (632 m g ), then  the system was charged  w ith  excess
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h y d ro g e n . T h e  reaction  m ix tu re  was le ft  s t ir r in g  fo r 2 days at room  
te m p e ra tu re . A f te r  th is  tim e, the reaction  m ix tu re  was f ilte re d  th ro u g h  
a C e lite  535 column to remove the P t /C  c a ta lys t.
A c id  h y d ro ly s is
1 mg of the above reaction  m ix tu re  in  E tO H  (0 .9  ml) was 
tre a te d  w ith  2M H C £ (a q ) (0 .5  ml) fo r 2h at 80°C . A f te r  th is  tim e, 
th e  so lven ts  w ere  rem oved u n d er a stream , then  w a te r was added  
and th e  m ix tu re  e x tra c te d  w ith  E tO A c. The  e x tra c ts  w ere d rie d  o ver  
a n h y d ro u s  MgSO^ and evaporated  to y ie ld  2 4 (R ,S )-h y d ro x y c h o le s ta n -  
3 3 -o l (700 g g ) .
C h o les te ro l oxidase oxidation  of 2 4 (R ,S )-h y d ro x y -c h o le s ta n -3 3 -o l
2 4 (R ,S )-H y d ro x y c h o le s ta n -3 3 - ol (100 gg) in  isopropanol 
(100 g £ ) was d ilu te d  w ith  phosphate b u ffe r  pH  = 7 ( 1  ml) in  a B -10  
4" tu b e , and  cho lestero l oxidase (from  B rev ib ac te riu m ) (50 g it, 1 m g/ 
ml) in  phosphate  b u ffe r  was added. The tube was s toppered  and  
in c u b a te d  a t 37 °C , w ith  occasional s t ir r in g  fo r 2h. A fte r  th is  time 
the  m ix tu re  was e x tra c te d  w ith  E tO A c. The  e x tra c ts  w ere d rie d  o ver  
an h y d ro u s  N a 2SO^ and solvent rem oved to y ie ld  ~100 gg of m ate ria l.
E x p e rim e n ta l Section -  3 .3 .2
CA N  o x id a tio n  o f 24(R ,S )  -h y d ro x y -5 q -c h o le s ta n ~ 3 3~yl acetate
2 4 (R ,S )-H y d ro x y -5 a -c h o le s ta n -3 3 -y l acetate (159 m g, 0 .35  
mmol) was d isso lved  in  CH^CN (8 m l). An aqueous solution o f CAN  
(0 .7 3  ml o f 0 .97M ) (2  mol e q u iv .)  was added w ith  s t ir r in g  at 80°C fo r
20 m in . A f te r  th is  tim e, the resu ltin g  reaction m ix tu re  was d ilu te d  
w ith  w a te r  and e x tra c te d  w ith  CHC^^* The e x tra c ts  w ere washed w ith  
w a te r , th e n  d r ie d  o ver anhydrous MgSO^. On rem oval of the  so lv e n t, 
a w h ite  s tic k y  solid resu lted  (163 m g).
P re p a ra tiv e  T L C  of p roducts  from CAN oxidation o f 2 4 (R ,S ) -h y d r o x y -  
5 q -c h o le s ta n -3 3 -y l acetate
T h e  c ru d e  reaction  m ix tu re  (1 .1  mg) in  EtOAc (150 g£) was 
ap p lied  to a 20 x  20 cm TLC  p la te . C hrom atography was e ffec ted  in  
to lu e n e :E tO A c (3 :1  v / v ) .  A fte r  sp ray in g  to detect components on a 
p o rtio n  o f th e  p la te , two bands were scraped o ff . These bands w ere  
e x tra c te d , th e n  taken  up in  EtOAc (500 g&) fo r GLC an a lys is , 
ca. 400 gg
E x p e rim e n ta l Section -  3 .4 .1
C a ta ly tic  h y d ro g e n a tio n  of crude lanostero l
C ru d e  lanostero l ( 1 9 .78g) in  AcOH (200 ml) and EtO Ac (100  
m l) , co n ta in in g  5% P t on charcoal ( lg )  was h yd ro g en ated  (65 p s i) fo r  
8h a t 8 0 °C . A f te r  th is  tim e, the reaction  m ix tu re  was cooled, w h e re ­
upon i t  s o lid if ie d . A fte r  red isso lv ing  in  E t20 ,  the  reac tio n  m ix tu re  
was f i l te re d  th ro u g h  a C elite  column to remove the c a ta ly s t. GLC  
showed th a t th e  h yd ro g en atio n  was complete and also revea le d  about 9% 
of 5 a - la n o s t-8 -e n -3 3 ~ y l acetate had been p ro d u ced .
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O x id a tio n  o f 5 g -la n o s t-8 — e n -3 g -y l acetate w ith  H . / V A c O H / H -.SC^83
5 o H L a n o s t-8 -e n -3 3 -y l acetate (9 .6 4 g , 20.5  mmol) in  g lacial 
AcOH (700 ml) was cooled to 0 -5 °C . An ice -co ld  solution o f concen­
tra te d  H 2SO^ (6 ml) in  AcOH (10 ml) was added slowly w ith  s t ir r in g  
im m ediate ly  fo llow ed b y  a solution of 30% H 20 2 (50 ml) in  AcOH (10 m l). 
T h e  re a c tio n  m ix tu re  was then le ft  to s t ir  at R T  o v e rn ig h t. A fte r  
th is  time an a liq u o t was rem oved and checked b y  G LC . GLC analysis  
re v e a le d  a 65% y ie ld  of 3 3 -a c e to x y -5 a -la n o s t-8 -e n -7 -o n e  U ^ qo = 3570) 
to g e th e r w ith  3 3 -a c e to x y -5 a - la n o s t-8 -e n - ll-o n e  (23%) (I_ ^ ^ qo = 3530) 
and m inor amounts o f s ta rtin g  m ateria l. The  reaction  m ix tu re  was 
e x tra c te d  w ith  E t20 ,  then  the ex trac ts  d ried  and the so lvents rem oved  
u n d e r re d u c e d  p re s s u re  to y ie ld  a w hite solid ( l O . l l g ) .
C ry s ta llis a tio n  from MeOH, m .p . 146-148°C  (L i t .  1 5 0 -1 5 1 °C )^ 2 
gave 3 3 - a c e to x y -5 a -la n o s t-8 -e n -7 -o n e  (5 .1 6 g ) .  200 MHz ^H NMR
(C D C £ 3) : 72 6 4 .50  (1 H , d of d , J = 10 Hz and 4 .5  H z , 3 c r H ) , 2 .41
( 2 H , m, C -6 ,  C H , ) ,  2 .30  (2 H , m, C - l l ,  C H j , 2 .04  (3 H , s , 33 ,
O  — ^  l
C H 3C - 0 ) ,  1 .17  ( 3H , s , C -1 9 , C H 3) , 0 .94  (3 H , s, C -2 9 , C H 3) , 0 .63
( 3 H , s , C -1 8 , C H , ) .  UV XE t0 H  = 255 nm (e  = 9800).' ’ 3 m ax.
T h e  m other liquors  were subjected to p re p a ra tiv e  T L C  
[ e th e r : l ig h t  p e tro leu m , 60-80°C  (1 :2  v / v ) ]  from which 3 0 -a c e to x y -5 o r  
la n o s t -8 -e n - l l -o n e  could be isolated as an o ily  solid (R p  = 0 .6 4 ) [ c f .
g
33 - a c e to x y -5 a -la n o s t-8 -e n -7 -o n e  (R p  = 0 .5 3 ) ] .  T h e  A -1 1 -o n e  could  
also be iso la ted  b y  column chrom atography. H o w ever, the rem ain ing  
A ^ -7 -o n e  in  th e  m other liq u o rs , when e lu ted , was contam inated w ith
g
th e  A -1 1 -k e to n e .
I l l
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In f r a r e d  d a ta  of 3 g -ace to x y -5 g -lan o st-8 -en -7 -o n e
B ands o b served  
(cm - ! )
Group L ite ra tu re  
(cm 1)
2950-2920 (s ) v (C -H )
1738 (s ) v (C = 0 )  ester 1735
1649 (s ) v (C = 0 ) enone 1650
1580 (m ) v (C = C ) 1580
1468 (m ) 1
1455 (m ) J (C -H )  d e f.
1242 (s ) vC -O ) 1242
Mass s p e c tra l data  fo r 36~acetoxy-5g  lanost 8 en -7  one (se lected  ions)
m /z Ion  type
O.
O
484 [M ]+* 28 .4
469 [ m + ,- c h 3*] 100
441 [M + ‘ -4 3 ] 0 .4
424 [ m + ,- c h 3c o 2h ] 1 .8
409 [ M  + , -C H 3C 0 2H -C H 3*] 3 .3
371 [M + ’ -s id e  chain (1 1 3 )] 7 .4
330 [M +* - r in g  D (1 5 4 )] 1 .4
311 [M +-C H 3C 0 2H -s id e  chain] 1 .6
200 MHz NMR of 3 (3 -ace to x y -5 g -lan o s t-8 -en -ll-o n e
(C D C £ 3) ,  6 4 .5 2  (1 H , m, 3 a -H ) , 2 .58 (2 H , A B q , J = 23 H z , C -1 2 ,  
2 .40  ( 2 H , m, C -7 ,  C H 2) , 2 .04  (3 H , s , C H 3C 0 2" ) ,  1 .13 (3 H , s ) , 1 
( 3H , s ) ,  0 .8 8  (6 H , s ) , 0 .86  (3 H , s ) , 0 .83 (3 H , s ) , 0 .80  (3 H , s ) .
Mass s p e c tra l d a ta  fo r 3 8 -a c e to x y -5 g -la n o s t-8 -e n -ll-o n e
m /z Ion type 0 .0
484 [M ] +‘ 2 .4
424 [ m + ,- c h 3c o 2h ] 1 .7
409 [ m + ,- c h 3c o 2h - c h 3*] 0 .8
332 [M + ‘ - r in g  D -2 H  ’ ] 1 .9
277 3 .0
257 [M + ,-C H 3C 0 2H -r in g  D -2 H * -C H 3] 0 .2
149 5 .2
43 [C 3H ?] + or [C 2H 30 ]  + 100
In f r a r e d  sp ec tro m e tric  d a ta  for 3 g -a c e to x v -5 c r ta n o s t-8 -e n - ll-o n e
B ands ob served  
(cm - 1 )
Group L ite ra tu re  ^
2900 (s )
2940 (s ) v (C -H )
2860 (s )
1735 (s ) v (C = 0 )  ester 1736
1658 (s ) v (C = 0 ) enone 1656
1589 (m ) v(C =C ) enone 1583
1490 (m) 
1470 (m )
v (C -H )  d e f.
1375 (s )  
1367 (s )
O
v (C -H )  of CH <5-0
1246 (s ) v (C -O ) 1243
E x p e rim e n ta l Section -  3 .4 .2
E p o x id a tio n  of 5 q -la n o s t-8 -e n -3 g -y l acetate^4
To  a s t ir re d  solution of 5 q -la n o s t-8 -e n -3 8 - y l acetate (432 m g, 
0 .9 1  mmol) in  (10 ml) was added NaHCO^ (100 mg) and mcpba
(433 m g, 2 .5 1  mmol) in  (10 m l). The  reaction  m ix tu re  was
le f t  to s t ir  o v e rn ig h t at R T . A fte r  th is tim e, an a liquot was rem oved
and checked  b y  micro T L C  which ind icated  fo r completion o f the  
re a c tio n . 1M NaOH (20 ml) was then  added and the m ix tu re  e x tra c te d  
w ith  C P ^C #^* T h e  e x trac ts  were d ried  and the so lvent rem oved u n d e r  
re d u c e d  p re s s u re  to y ie ld  a w hite solid which c ry s ta llis e d  from  MeOH  
(c o n ta in in g  5 drops of p y r id in e ) (300 m g ), m .p . 144-146°C  ( l i t . ,  1 4 2 °C ).
P re p a ra tio n  o f 5 q -la n o s ta -7 ,9 ( l l ) - d ie n - 3 g - y l  acetate from  
8q, 9 -e p o x y -5 q -la n o s ta n -3 6 ~ y l acetate
8q, 9 -E p o x y -5 q -la n o s ta n -3 6 - y l acetate (7  mg) in  C P ^C J^ (1  ml)
was shaken  w ith  48% H B r (0 .1 5  ml) fo r 30 m in. A fte r  th is  tim e, w ater
(10 m l) was added and the m ix tu re  ex tra c te d  w ith  C P ^ C ^ *  lh e e x tra c ts
w ere  d r ie d  and so lvent rem oved u n d er reduced  p re s s u re  to y ie ld  a
w h ite  so lid  (6 .4  m g ). Both GLC and TLC  showed the m ateria l to be
p ra c tic a lly  p u re  ^"270° = = 0 .83  [E t2 0 :p e t .  e th e r , 60 -80°C
64
(1 :2  v / v ) ] ,  m .p . 163-165°C  (L it .  1 6 8 -1 6 9 °C ).
115
M ass s p e c t r a l  d a ta  f o r  5c% la n o s ta  7, 9( l l ) ~ d ie n - 3 3 ~ y l  a c e ta te  ( s e le c te d  io n s ) 
C 32H 5 4 ° 2  M = 468
m /z Ion  type %
468 [M +* ] 65 .2
453 [m +' - c h 3 ' ] 10.6
408 [ m + , - c h 3c o 2h ] 10.7
393 [ m +* - c h 3c o 2- c h 3*] 18.6
355 [M +‘ -s id e  chain] 5 .6
340 [M +‘ ~side c h a in -C H 3 ‘ ] 1 .1
313 [M +* -r in g  D -H * ] 19.2
295 [M +’ -s id e  c h a in -C H 3C 0 2H ] 9 .9
253 [M +* - r in g  D -C H ^ C ^ H -H *  ] 37 .5
43 [C 3H ?] + or [C H 3CO ] + 100
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In f r a r e d  spectro m etric  data for 5orlanosta-7 , 9( l l ) -d ie n -3 B ~ y l  acetate
B and  observed  
(cm ” 1) Group
2960-2930 (s ) 
1735 (s )  
1465 (m ) 
1390 (m) 
1370 (m ) 
1245 (s )
V (C -H )  
v (C = 0 ) es te r  
(C -H )  d e f.
1  °
I  “>  v (C -H )  CH3C 0 -  
(C -O )
EtOH
U V  d a ta 64 251 nm (e  10,800)
243 nm ( e 16,100)
235 nm ( e 13,600)
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200 M H z 1H NM R of 5 c rla n o s ta -7 ,9 ( l l ) - d ie n - 3 g - y l  acetate
6 5 .4 4  (1 H , m, 0 7  C = C H ), 5 .31  (1 H , d , J=5Hz, C - l l  C = C H ), 4 .50  (1 H , 
d of d ,  J =10 Hz and 5 H z , 3 a -H ) , 2 .04  (3 H , s , C H^CC^- ) , 0 .9 9  (3 H , s , 
C -1 9  C H 3) , 0 .9 4  ( 3H , s , 0 2 9  C H 3) , 0 .87  (6 H , b s , 0 2 8  C H 3 + 0 2 1  C H 3) , 
0 .8 6  ( 3H , b s , 0 3 0  C H 3) , 0 .8 4  (3 H , s , 0 2 7  C H 3) , 0 .83  (3 H , s , 0 2 6  
C H 3) ,  0 .5 4  ( 3H , s , 0 1 8  C H 3) .
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E x p e rim e n ta l Section -  3 .4 .3
E p o x id a tio n  o f 5a~lanosta-? , 9( l l ) - d ie n - 3 B -y l  aceta te84 ,8 5 ,8 6
To  a so lution of 5 a - la n o s ta -7 ,9 ( l l ) -d ie n -3 3 -y l  acetate (8 8 .3  
m g, 0 .1 8  mmol) in  C H 2C £ 2 (5 ml) was added NaHCC>3 (100 mg) and  
mcpba (3 9  m g, 0 .22  mmol) in  10 ml of C H 2C&2 . The  reactio n  m ix tu re  
was s t ir r e d  at R T  o v e rn ig h t. A fte r  th is time an a liquo t was rem oved  
and  checked  b y  T L C . Two major spots were observed  at R p  0 .65  and  
0 .5 2  [ E t 20 : p e t .  e th e r , 60-80°C  (1 :2  v / v ) ]  w ith  no s ta rt in g  m ateria l 
(R p  0 .8 0 ) .  T h e  reactio n  m ix tu re  was then washed w ith  1M N aO H , then  
e x tra c te d  w ith  C H 2C & 2 . The ex trac ts  were d rie d  and on rem oval o f 
s o lv e n t y ie ld e d  an o il (64  m g ). The crude m ateria l (38 mg) was 
su b jec ted  to flash  column chrom atography using to lu e n e :lig h t petro leum . 
6 0 -8 0 °C  (4 :1  v / v ) .  Fractions 2-5  gave a single spot on T L C  (w t .  =
22 m g) and  200 MHz NMR showed th is  to be 7 3 ,8 -e p o x y -5 o rla n o s t-  
9 ( l l ) - e n - 3 B - y l  a c e ta te :71 ,84  ( C D C ^ ) :  6 5 .6 7  (1 H , t ,  JA X  = 3 .9  H z ,
A X 2 , C - l l ,  C = C H ), 4 .4 3  (1 H , m, 3 a -H ) , 3 .05 (1 H , d of d , J = 5 .9  Hz 
and 1 H z , 7c t-H ), 2 .18  (2 H , d , JA X  = 3 .8  H z , C -1 2 , C H 2) , 2 .0 4  (3 H ,  
s , C H 3C 0 2- ) .
A f te r  3 days in  the NMR solvent (C D C & 3) ,  the H NMR  
spectrum  ch an g ed , re v e a lin g  a 2 :1  m ix tu re  o f 33- a c e to x y -5 a , 8a- la n o s t-  
9( 1 1 )-e n -7 -o n e  to 7 3 > 8 -e p o x y -5 a - la n o s t-9 ( l l ) - e n -3 3 - y l ace ta te , 
re s p e c tiv e ly . 200 MHz ^  NMR of 33 -a c e to x y -5 a ,8 o t-la n o s t-9 ( 1 1 )-e n -
7 -o n e ,7 1 ,8 4  (C D C & 3) :  6 5 .4 9  (1 H , m, C - l l ,  C = C H ), 4 .50  (1 H , m,
3 a -H ) ,  3 .1 4  (1 H , m, 8 o rH ), 3 .0 7 -2 .8 8  (1 H , bm , 1 5 3 -H ) , 2 .06  (3 H , s , 
C H 3C 0 2- ) .  F u r th e r  e lu tion  from the column (F ra c tio n  7) gave (1 1 .9  
mg) a 3 :1  m ix tu re  of 9a, ll-e p o x y -5 c t- la n o s t“ 7 -e n “ 33_y l acetate and
M ass s p e c t r a l  d a ta  f o r  7 3 , 8 -e p o x y -5 a - la n o s t -9 (  l l ) - e n - 3 g - y l  a c e ta te  
( s e le c te d  io n s )
C 32H 5 2 °3  ( 484)
m /z Io n  type o0
484 [M ]+* 30.5
469 [M + , -C H 3 ’ j 35.5
466 [m + ,- h 2o ] 1 .1
455 [M + ,-C H O ] 11.0
424 [m +* - c h 3c o 2h ] 7 .6
409 [m + ,- c h 3c o 2h - c h 3 *] 0 .9
406 [ m + ,- c h 3c o 2h - h 2o ] 0 .7
391 [M + t -C H 3C 0 2H -H 20 - C H 3* ] 4 .5
371 [M +’ -s id e  chain] 6 .4
330 [M +* -r in g  D ] 1.6
43 [C 3H ?] + or [C H 3CO ] + 100
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7 $ ,8 -e p o x y -5 a - la n o s t -9 ( l l ) -e n -3 B -y l  acetate as judged b y  XH NM R.
200 M Hz H NMR of 9a, l l-e p o x y -5 o r la n o s t-7 -e n -3 (3 -y l a c e ta te ,
6 5 .7 2  (1 H , t ,  J = 3 .9  H z , C -7 , C=CH) , 4 .50  (1 H , m, 3 o -H ) , 3 .20  
(1 H , d ,  J = 5 .6  H z , 1 1 0 -H ) , 2 .02 (3 H , s , C H 3C 0 2~ ) .
E x p e rim e n ta l Section -  3 .4 .4
8 7R ed u ctio n  o f 3B -ac e to x y -5 q -la n o s t-8 -e n -7 -o n e
To a solution of 33- a c e to x y -5 a -la n o s t-8 -e n -7 -o n e  (1 .1 7 g , 2 .41
mmol) in  d ry  T H F  (10 ml) and N H ^ ^  (ca.. 30 ml) was added L i metal
(~  300 m g ). T h e  reaction  m ixtu re  was s t ir re d  at -5 0 °C  fo r 2h. A fte r
th is  tim e, MeOH was added to d estroy the excess L i and the reaction
was w arm ed to R T  in  o rd er to d is til o ff the NH ^. The  crude reac tio n
m ix tu re  was d isso lved  in  e th e r /w a te r , then  e x tra c te d . The  e x tra c ts
w ere  d r ie d  and so lvent rem oved to y ie ld  a w hite solid ( l.O O g ). T h e
cru d e  m ateria l was acety la ted  in  d ry  p y r id in e  (10 ml) and A c 20  (20  ml)
fo r 30 min at 60°C . C rys ta llisa tio n  from MeOH gave 7 -k e to -5 a -
la n o s ta n -3 0 -y l acetate (0 .8 1 g ) contam inated w ith  33- a c e to x y -5 a -la n o s t-
8 9
8 -e n -7 -o n e , m .p . 145-149°C  (L it .  172°C ).
E x p e rim e n ta l Section -  3 .4 .5
88 89 90
C a ta ly tic  h yd ro g en a tio n  of 7~keto~5q~lanostan~33~yl acetate
7 -k e to -5 a -L a n o s ta n -3 3 -y l acetate (1 .1 4 g , 2 .34  mmol) was 
d isso lved  in  EtO A c (50 ml) and AcOH (50 m l). ^ ^ 2  ^yPe ^  (123 mg) 
was added  and the vessel charged w ith  H 2 (70 p s i ) . T h e  reactio n  
m ix tu re  was shaken fo r 48h, then filte re d  th ro u g h  a C e lite  235 column 
to rem ove the b lack  P t m etal.
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Mass s p e c tra l d ata  fo r 7 -k e to -5 g -la n o s ta n -3 g -y l acetate (se lected  ions) 
C 32H 540 3 (486)
m /z Io n  typ e %
486 [M ] +* 35 .1
471 [m +* - c h 3*] 11 .1
426 [ m + ,- c h 3c o 2h ] 3 .3
373 [M +*-s id e  chain] 10.9
332 [M + ‘ - r in g  D ] 8 .8
264 [M +* -222] 5 1 .1
164 [M +*-3 2 2 ] 18.5
43 [C 3H ?] + or [C H 3C O ] + 100
o 
+
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I n f r a r e d  s p e c t r o m e t r ic  d a ta  f o r  7 - k e to - 5 g - la n o s ta n - 3 3 - y l  a c e ta te  (C C & 4 )
B and  observed Group
2960 (s ) v (C -H )
1742 (s ) v (C = 0 ) es ter
1708 (m) v (C = 0 )  ketone
1468 (m ) (C -H )  d e f.
1374 (m) v (C -H )  CH 3C 0 2-
1240 (s ) v (C -O )
200 M H z NM R fo r  7 -k e to -5 g -la n o s ta n -3 g -y l acetate
(C D C & 3) :  6 4 .4 8  (1 H , m, 3 o rH ), 2 .27  (3 H , m, 8$H and C -7 , C H 2) , 2 .0 3
( 3 H , s , C H 3C 0 2 , 1 .08  (3 H , s ) , 0 .88  (6 H , s ) , 0 .8 6  (3 H , s ) ,  0 .8 2  (3 H , s ) , 
0 .8 1  ( 3 H , s ) .
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E x p e rim e n ta l Section -  3 .4 .6
L - S e le c t r id e  r e d u c t io n  o f  7 - k e to - 5 g - la n o s ta n - 3 g - y l  a c e ta te 90
T o  a so lution of 3 B -h y d ro x y -5 a -la n o s ta n -7 -o n e  (4 .3  m g, 0 .0 0 9  
mmol) in  T H F  (1  ml) was added 1M L -S e le c tr id e  (150 |i£ ) in  T H F . T h e  
re a c tio n  was s t ir re d  at R T  fo r 4h. A fte r  th is  tim e, the so lven t was 
rem oved  u n d e r an N 2 s tream , then  the m ix tu re  e x tra c te d  w ith  E tO A c. 
T h e  e x tra c ts  w ere d rie d  and , on rem oval of the s o lven t, y ie ld e d  a 
gummy solid  (7 .2  m g ); ca. 3 mg of the m ateria l was ace ty la ted  us ing  
A c 20  (2  m l) /p y r id in e  (1  ml) at 60°C fo r 10 m in.
E x p e rim e n ta l Section -  3 ,4 .7
S c a le -u p  o f L -S e le c tr id e  red u ctio n
T o  a so lution of 3 |3 -h y d ro x y -5 a -la n o s ta n -7 -o n e  (0 .9 2 g , 2 .07  
mmol) in  d r y  T H F  (15 ml) was added 1M L -S e le c tr id e  (8  ml) in  T H F .
T h e  re a c tio n  m ix tu re  was s t ir re d  o v e rn ig h t at R T . A f te r  th is  tim e, 
the  re a c tio n  was slow ly quenched w ith  w a te r . NaOH (0 .7 3 g ) was 
a d d e d , th e n  w a te r (15 m l). 30% H 2C>2 (10 ml) was added slow ly d ro p -  
wise (e x o th e rm ic  re a c t io n ! ) .  A fte r  complete add ition  of ^ 2 ^ 2  
m ix tu re  was re f lu x e d  fo r 4h. A n y  p re c ip ita te  was red isso lved  b y  
a d d itio n  o f T H F . T h e  T H F  was rem oved u n d er red u ced  p re s s u re  then  
th e  m ix tu re  e x tra c te d  w ith  E tO A c. The e x trac ts  w ere d r ie d  a n d , on 
rem oval o f the  so lv e n t, y ie ld ed  a w hite solid . T h is  m ateria l was 
a c e ty la te d  u s in g  A c 20  (4  ml) and p y rid in e  (20 ml) w ith  s t ir r in g  at 
20°C  fo r  5^h: the  reactio n  was m onitored b y  T L C . On rem oval of 
th e  s o lv e n t, a w h ite  solid resu lted  (0 .9 5 1 g ) . TLC  [e th e r : l ig h t  
p e tro le u m , 60 -80°C  (1 :1  v / v ) ]  revea le d  a major spot at R p 0 .40
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I n f r a r e d  s p e c t r o m e t r ic  d a ta  f o r  7 g - h y d r o x y - 5 g - la n o s ta n - 3 3 - y l  a c e ta te  
( c o n ta in in g  a c e to n e )  -  (K B r  d is c )
B and observed  
( c m '1) Group
.3545 (m ) sharp v (O -H )  enol of lactone
3420 (m ) broad v (O -H )
2940 (s )
v (C -H )
2870 (s )
1735 (s ) v (C = 0 )  es te r
1710 (s ) v (C = 0 )  acetone
1462 (m)
y  (C -H )  defo
1384 (m) J
1242 (s ) v (C -O )
A cetone was d if f ic u lt  to rem ove even u n d er vacuum  o v e rn ig h t  
a t  45°C .
M ass s p e c t r a l  d a ta  f o r  7c% h y d ro x y -5 c % -la n o s ta n ~ 3 |3 -y l a c e ta te  ( s e le c te d  io n s ) 
C 32H 5 6 ° 3  (4 8 8 )
m /z Io n  typ e O0
488 [M ] + ‘ 0 .4
470 [M + ‘ - H 20 ] 1 .2
455 [ m +* - h 2o - c h 3 ‘ ] 1 .3
413 [ m + ,- c h 3c o 2h - c h 3*] 0 .2
410 [m + , - c h 3c o 2h - h 2o ] 0 .6
395 [M + , -C H 3C 0 2H -H 20 - C H 3 ’ ] 1 .9
315 [M + <-C H 3C 0 2H -s id e  chain ] 2 .1
297 [M + , -C H 3C 0 2H -H 20 -s id e  chain ] 1 .0
256 [M +* -C H 3C 0 2H -H 20 - r in g  D ] 1 .1
255 [M + ,-C H 3C 0 2H -H 20 - r in g  D -H ] 4 .2
43 [C 3H ?] + or [C H 3CO ] + 100
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(7 a -h y d ro x y -5 a - la n o s ta n -3 3 -y l a c e ta te ), R p 0 .67  ( 7 -k e to ~ 5 a -la n o s ta n -  
3 3 -y l ace ta te ) and m inor spot at Rp 0 .09  ( 5cH a n o s ta n e -3 3 , 7 a -d io l) .
T h e  c ru d e  m ate ria l was subjected  to column chrom atography using  e th e r:  
l ig h t  p e tro le u m , 60 -80 °C  (1 :1  v / v ) .  F ractions 5 and 6 (226 mg) 
co nta ined  p u re  (as ju d g ed  b y  TLC  and G LC) 7a- h y d ro x y -5 a - lan o s ta n -  
3 3 -y l aceta te  w h ich  was re c ry s ta llis e d  from a c e to n e /H 20 ,  m .p . 203-207°C  
( L i t .  2 0 9 -2 1 1 °C , 2 05 -206 °C , 209. 0 -2 1 0 .5 °C , and 2 1 2 ° C ) .79 200 MHz
H NM R (C D C iH ^), 6 4 .51  (1 H , d of d , J = 10 Hz and 4 H z , 3 a -H ) ,
4 .05  (1 H , b s , 7 3 - H ) ,  2 .03  ( 3H, s , C H 3CC>2- ) , 1 .06 (3 H , s , C - 3 0 ) ,
0 .9 3  ( 3 H , s , C - 1 9 ) , 0 .72  (3 H , s , C -1 8 ) .
E x p e rim e n ta l Section -  3 .4 .8
R eaction  o f 7 q -h y d ro x y -5 a -la n o s ta n -3 3 ~ y l acetate w ith  P b (O A c )^
7 a -H y d ro x y -5 a -la n o s ta n -3 3 _y l acetate (72 mg, 0 .1 4  mmol) was 
d isso lved  in  benzene (50 m l). P b (O A c )^  (0 .4 6 8 g , 1 .05  mmol) was 
added  and the  m ix tu re  re flu x e d  fo r 24h. A 20% solution o f K I (10 ml) 
was th e n  added  to g ive a yellow solid which d issolved on ad d itio n  of 
s a tu ra te d  N a 2S 20 3 so lu tion . The reaction  m ix tu re  was then  e x tra c te d  
w ith  E tO A c , th e  e x tra c ts  d rie d  and solvent rem oved to y ie ld  a w h ite  
solid (65 m g ). T L C  in d icated  one p ro d u ct [e th e r : l ig h t  petro leum  
60 -8 0 °C  (1 :2  v / v ) ] .  R „  0 .5 3 , c rys ta llis a tio n  from ac e to n e /w a te r gave  
7ot, 3 0 -e p o x y -5 a _la n o s ta n -3 3 - y l acetate (33 m g ), m .p . 192-195°C  
(L i t .  2 0 1 -2 0 3 °C , 195 -197°C , 181-183°C , and 2 0 2 -2 0 4 °C ). 79 200 MHz
1H NM R (C D C £ 3) :  6 4 .47  (1 H , d of d , J = 10 Hz and 5 H z , 3 o rH ),
4 .15  (1 H , m, 7 3 - H ) ,  3 .96  (1 H , d , J = 7 .8  H z , C -3 = , C H ) , 3 .32  (1 H ,  
d , J = 7 .5  H z , C -3 0 , C H ) ,  2 .03  (3 H , s, C H 3C 0 2~ ) .
I n f r a r e d  s p e c t r o m e t r ic  d a ta  f o r  3 $ ~ a c e to x y -5 f l- la n o s ta n ~ 7 c t 30 e th e r  
(1% C C £ ^  s o lu t io n )
B and observed
Group
2955 (s )
v (C -H )
2870 (s )
1732 (s ) v(C=0) e s te r
1469
(m ) (C -H )  d e f.
1460
1378
CHoC -O  (C -H )(m)
1370
v(C-O)1244 (s )
v (C -O -C )1041 (m )
935
(m )
922
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Mass s p e c tra l da ta  fo r  3g -a c e to x y -5 a -la n o s ta n -7 g , 30 e th e r
C 32H 4 3 °3  (486)
m /z Io n  typ e o.'Q
486 [M ]+* 0 .9
471 [ m + , - c h 3] 1 .2
A  456 [m + ,- c h 2o ] 47 .8
4*
B 455 [ m + ,- c h 2o h *] 6 5 .2
441 [ m +* - c h 3* - h 2o ] 4 .9
396 [ m + * - c h 3c o 2h - c h 2o ] 16 .8
395 [M +* -C H 3C 0 2H -C H 20 H  ‘ ] 35 .9
381 [ m +* - c h 3c o 2h - c h 2o - c h 3] 8 .7
373 [M +*-s id e  chain ] 3 .0
343 [M +*-s id e  c h a in -C H 20 ] 18 .4
341 [M +'-s id e  ch a in -32 ] 38 .2
331 [M +*-s id e  ch a in -42 ] 2 .3
283 [M +* -C H 3C 0 2H -C H 20 -s id e  chain ] 6 .8
43 [C 3H ?] + or [C H 3C O ] + 100
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CHoO
m/z 455 + CH2OH
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E x p e rim e n ta l Section -  3 .4 .9
R eac tion  of 7 a -h y d ro x y -5 g -la n o s ta n -3 g -y l ace ta te  w ith P b(Q A c ) 1 /1 2 /h r
7 a -H y d ro x y -5 a -la n o s ta n -3  g -y l acetate (56 mg, 0 .1 1  mmol) was 
d isso lved  in  cyclohexane (15 ml) and C H 2C £ 2 (3 m l). P b (O A c )4 (0 .6 4 g ,
1 .4 4  mmol) and I 2 (64  mg, 0 .25  mmol) was added. T h e  m ix tu re  was 
th e n  ir ra d ia te d  using  a 300W tungsten  filam ent lamp and w arm ed/cooled  
to m ain ta in  gentle  re f lu x  fo r ca. lh .  20% K I (20 ml) was added , 
re s u lt in g  in  a yellow  p re c ip ita te  w hich d issolved on add ition  of 
s a tu ra te d  N a ^ ^ ^ .  T h e  m ix tu re  was then  e x tra c te d  w ith  E tO A c , the  
e x tra c ts  b e in g  d r ie d  and solvent rem oved to y ie ld  an oil (76 m g ).
P re p a ra tiv e  T L C
1 mg of the  c ru d e  p ro d u ct was chrom atographed on a 5 x  20
cm T L C  p la te  u s ing  e th e r : l ig h t  petroleum  (1 :2  v / v ) .  Bands w ere
e x tra c te d  a t R „  0 .6 1 .F
E x p e rim e n ta l Section -  3 .4 .1 0
N a B H  ^ re d u c tio n  o f components L^270° = 3380 and ^ 2 7 0 °  = 3560
To  a so lu tion  o f the above component (4 .0  mg) in  MeOH  
(1  m l) and  NaO Ac (c a . 5 mg) was added N aB H 4 (8 mg, 0 .2 1  m m ol). 
E ffe rv e s c e n c e  was n o ted . T h e  reaction  m ix tu re  was then  s t ir re d  fo r  
30 min a t R T . A f te r  th is  tim e, the solvent was rem oved u n d e r a N 2 
stream  and  w a te r (0 .5  ml) added . The reaction  m ix tu re  was then  
e x tra c te d  w ith  E tO A c , the ex trac ts  d ried  and so lvent rem oved to y ie ld  
an o il ( 4 .4  m g ) .
E x p erim en ta l S ection  -  3 .4 .11
T re a tm e n t o f hem i-ace ta l (70 ) w ith  PCC
T o  a solution of hem i-acetal (70 ) (1 .3  mg, 0 .001  mmol) in  
C H 2C &2 (1  nil) was added PCC (6 .2  mg, 0 .02  mmol) w ith  s t ir r in g  at R T  
fo r  lh  15 m in . W ater (1  ml) was added and the excess PCC red u ced  
w ith  N a 2S 20 j. so lu tion . The  reaction  m ix tu re  was e x tra c te d  w ith  
C H 2C £ 2 , th e  e x tra c ts  d rie d  and solvent rem oved to g ive the p ro d u c t  
( 0 .9  m g ) .
E x p e rim e n ta l Section -  3 .4 .1 2
R eaction  o f 7 o rh y d ro x y -5 o rla n o s ta n -3 g —yl acetate w ith  CAN
T o  a so lution o f 7 a -h y d ro x y -5 a -la n o s ta n -3 3 ~ y l acetate  (4 0 .0  
m g, 0 .0 8 1  mmol) in  CH^CN (25 ml) was added CAN (112 mg, 0 .2 0  mmol) 
in  w a te r  (0 .5  m l). T h e  reaction  m ix tu re  was heated at 80°C  fo r 30 
min (u n t i l  d e c o lo ris e d ). W ater (5 ml) was added then  the CH^CN  
rem oved  u n d e r  p re s s u re . The  m ix tu re  was e x tra c te d  w ith  E tO A c , the  
e x tra c ts  w ere  d r ie d , and so lvent was rem oved to y ie ld  a s tic k y  w h ite  
solid  (3 5 . 4 m g ) .
Colum n ch ro m ato g rap h y : ca. 30 mg w ere used [ l ig h t  p e tro le u m :e th e r
(2 :1  v / v ) ] .
F ra c tio n  2 -4  y ie ld e d  7 a ,3 0 -e th e r  (58) (6 .3  mg)
F ra c tio n  7 -12  y ie ld e d  7a-ol (57 ) (1 4 .2  mg)
F ra c tio n  19 y ie ld e d  un kn o w n , Rp 0 .0 6 , I  = 3730 (200 p.g).
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T a b le  2. GLC analysis of CAN oxidation  o f 2 5 -h y d .ro x y -5 g -la n o s t-  
8 -e n -3 g -y l  acetate
, 0  V - 1 
- 2 7 0 °
(3510)
(3500)
3600
3700
3730
3850
3870
(3910)
(3940)
(3980)
4100
M inor peaks in  b racke ts
T a b l e  3 . GLC and T L C  a n a l y s e s  o f  p r o d u c t s  f r o m  t h e  C A N  o x i d a t i o n  
of 2 5 - h y d r o x y - 5 a - l a n o s t - 8 - e n - 3 B ~ y l  a c e t a t e
3620 3870 4100
GLC
3700
3740
3770
T L C  S o lven t System  -  3 :1  C H C £ 3 :EtO A c ( v /v )
T a b le  4 . Mass S pectrum  of component of 0 .1 5 . = 4100
(s e le c te d  io n s )
m /z Ion  typ e
o0
629 [ M ] +‘ 14
614 [m +- - c h 3 *] 11
571 [M + ,-C H 3*-4 3 ] 4
556 [5 7 1 -C H 3*] 5
539 [M + * -T M S O H ] 100
524 [ m + , - t m s o h - c h 3 '] 3
496 [M +#-A cO H -C H 3’ -5 8 ] 5
479 [M +# -T M S O H -A cO H  ] 5
436 [4 7 9 -43 ] 5 .1
131 [ c 3h 6o t m s ] + 95 .4
T able 5 . H igh R eso lu tion  Mass S p ec tra l data  for com ponent Rr  0 .15,
—^270° = ^ 1 0 0  (s e le c te d  io n s )
Form ula 0.0 O bserved  mass
[ M ] +< ( 13C )
C 3613cH 63N 0 5Si 4 .71 630.4486
[ M ] + ‘
C 37H 63N 0 5Si 5 .69 629.4261
M ( 13C ) -15 C 3513C H 6oN0 5Si 4.35 615.4261
M -15 C 36H 60N O 5Si 5 .74 614.4248
M ( 13C ) -9 0 C 3313c H 55N ° 4 26.52 540.4008
M -90 C 34H 53N 0 4 69 .6 539.3989
M -6 0 -1 5 -5 8 C - 0H co0 0Si 32 52 2 11.2 496.3751
M -9 0 -6 0 C 32H 49N ° 2
20.2 479.3754
M -9 0 -6 0 -4 3 C 30H 46NO 16.03 436.3564
C 29H 4 1 ° 31.10 405.3149
M -9 0 -6 0 -1 5 C 31H 46N 0 2
8 .2 4 464.3506
T a b le  6 (1 ) . In f r a r e d  spectrom etric  data of 2 5 -h y d ro x v -5 g -la n o s t-8 -  
e n -3 3 ~ y l acetate in  C C £ ^: cell p a tte rn  0 .5  cm. scan
time 10 m in .
O b s e rv e d
(cm “ l ) Group
E xpected
ran g e
3610 (w ) v (O H ) 3650-3590 (v )
2940 (s )  
2860 (s )
>c h 2 , c h 3-
v (C -H )
2960-2850 (s )
1723 (s ) v (C = 0 )  ester 1750-1730 (s )
1365 (s ) o c o c h 3
CH def
1385-1365 (s )
1459 ( r a ) l  
1445 (m )J
1385 (m ) 
1240 (s )
>CH2 1 def 
-C H  JxrMe
v (C -O )
1470-1430 (m )
1380 (m ) doub let 
1300-1050 (s )
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T ab le  6 ( i i ) . In f r a r e d  spectrom etric  data of 0 .1 5 , I°2 7 0 °  ~ 4100 
( in  C C i ^ )
O b s e rv e d
(cm - ^) Group
E xp ected
ra n g e
3610 (w ) v (O H ) 3650-3590 (w )
3440 (w ) v (N -H ) 3460-3400 (m )
2960 (s )  “ 
2930 (s )  
2870 (s )  -
> >CH2 1
- c h 3 }  V ( c - H 2960-2850 (s )
1730 (s ) v (C = 0 )  es te r 1750-1735 (s )
1685 (s ) v (C = 0 )  enone
1635 (s ) v ( C = 0 ) amide I I
1480 (m ) CH def 1470-1430 (m )
1370 (s ) O C O C H 3 CH d e f 1385-1365 (s )
1240 v (C -O )
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200 MHz NMR of 2 5 -h y d ro x y -5 g -la n o s t-8 -e n -3 g -y l a ce ta te
O
II
(C D C £ 3) :  6 4 .485  (1 H , d of d , 10 H z , 5 H z , 3 c r H ) , 2 .0 3 , (3 H , s , C H 3C O ),
1 .19  (6 H , s , (C H 3) 2C ( O H ) ) ,  0 .98  (3 H , s, C H 3> , 0 .86  (6 H , s , 2 x  C H 3) , 
0 .6 7  ( 3 H , s , C H 3) .
T a b le  7 . 25 M Hz ~^ C NMR D .E .P .T .  fo r 2 5 -h y d ro x y -5 g -la n o s t-8 -e n -3 8 ~ y l
aceta te  (CDCJc^)
I
^ 3 2 ^ 5 4 ^ 3  c o n ^a -'-n s  9 x C H 3 , 1 1 x C H 2 , 4 x C H ,  8 x - C -  
o b s e rv e d : 9xC H _, llx C H .-,, 4xC H , 8 x -C -
3 C I
O b s e rv e d
(p p m ) Group
O bserved
(ppm ) G roup
170.985 0 = 0  acetate 30.793 c h 2 C -1 5
134.455
f
C -8 29.312 c h 3 C -2 6  or C -2 7
134.233 i C -9 29.202 c h 3 C -2 6  or C -2 7
80 .908 C H , C--3 28.220 c h 2 C -16
71 .063 C , C -2 5 27.894 C H 3 C -28
'  C -17 26.363 C H 2 C -7
50 .486 2xC H  - +
_ C -5 24.241 c h 3 C -3 0
49 .784 C , C -1 4 24.156 c h 2 C -2
4 4 .458 C , C -1 3 21.314 C H 3 A c-C H 3
4 4 .399 c h 2 , c:-24 21.112 c h 2 C -2 3
37 .778 C , C -4 20.978 c h 2 C - l l
36 .876 C , C -1 0 19.167 c h 3 C -1 9
36 .715 c h 2 , c;-22 18.665 C H 3 C -2 1
3 6 .457 C H , C--20 18.104 c h 2 C -6
35.250 c h 2 , c, -1 16.515 c h 3 C -2 9
30 .954 C H 2 , C -1 2 15.743 c h 3 C -18
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T able 8 . NMR of n itrogenous p ro d u c t
200 M Hz 1H NM R (C D C £ 3) :  6 5 .6 8  (1 H , d , J=10 H z , N H ) , 4 .8 0  (1 H , b d ,
J=10 H z , H - 7 ) , 4 .5 6  (1 H , m, 3 a -H ) , 3 .65  (1H  im p u r ity ) ,  3 .10  (1 H , t>d ,^
J=15 H z , H - 6 ) , 2 .5 5  (A B  q u a r te t , J=19 H z , 1 2 -C H - ) . 2 .05  (3 H , s , C H , C ) , 
O O ^ O
i i  it
2 .0 3  (3 H , s , C H ^ C ), 2 .00  (3 H , s , C H ^ C ), (one C H ^ C -0  is an im p u r ity ) .
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T ab le  9 . GLC A nalysis  R esu lts
Compound R eten tio n  In d e x  ( O T - T  
270°
5 a -la n o s ta -8 ,2 4 -d ie n -3 $ -o l 3300
5 a - la n o s ta -8 ,2 4 -d ie n -3 $ -o l TMS e th e r 3315
5 a - la n o s ta -8 ,2 4 -d ie n -3 3 -y l acetate 3400
5 a -la n o s t-8 -e n -3 B ~ o l 3270
5 a -la n o s t-8 -e n -3 3 -o l TMS e th e r 3290
5a- la n o s t-8 -e n -3 3 -y l  acetate 3360
24( R , S ) -2 5 -e p o x y -5 a ~ la n o s t-8 -e n -3  3“ 
y l  acetate
3530
5 a - la n o s t-8 -e n e -3 3 , 25-d io l 3460
5 a -la n o s t-8 -e n e -3 $ ,2 5 -d io l d i-T M S  
e th e r
3550
2 5 -h y d ro x y -5 a -la n o s t-8 -e n -3 3 _y l
acetate
3550
5 c rla n o s t-8 -e n e -3 (3 , 25 -d io l d iacetate 3660
5 o rla n o s ta n e -3 3 , 73- diol 3570
5a - 3 3 , 7 3 , 113“tr io l lanostane 3 ,7 -  
d iace ta te
3890
7 -k e to w5 a -la n o s ta n -3 3 _ol 3530
1 l-k e to -5 a - la n o s ta n -3 $ -y l acetate 3600
5 o rla n o s t- 7 -e n - 3-one 3300
5 a - la n o s t - 9 ( l l ) - e n - 3 3 - y l  acetate 3410
5 c r la n o s ta -7 ,9 ( 1 1 ), 2 4 -t r ie n -3 3 - y l  
acetate
3370
5a~ lan o sta -7 , 9( l l ) - d ie n - 3 3 - y l acetate 3380
7 ,1  l -d ik e to -5 a - la n o s t-8 -e n -3  3_y l 
acetate
3545
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C o lu m n : 1% O V -1  a t 270°C , N 2 -  30 m l/m in,
A I va lues
lanostero l
33 - 0I  33~OAc d ihyd ro lan o stero l
25 -h yd ro xy lan o s te ro l
2 4 (25 )A  epoxides of lan o s te ry l acetate
I 1 anosterol3 3 -o l  33 -O T M S  <
dihyd ro lan o stero l
+ 100 
+ 90 
+ 90
+ 130
+ 15 
+ 20
3 3 -O T M S ,A 8  *- 3 3 -O T M S , A8-25 -O T M S + 260
T able 9(i) . HPLC A nalysis R esu lts
Colum n: : 5 cm an a ly tica l C -18  ODS
S o lven t system  : MeOH at 0 .5  m l/m in
D e te c to r : U V  at 240 nm, 0 .05  a tten u atio n
Samples w ere  10 m g/m l in  0 .8  ml MeOH + 0 .2  ml hexane .
Compound
R eten tio n  time  
(m in)
5 a - la n o s ta -8 ,2 4 -d ie n -3 3 “ol 3 .3
5 a - la n o s ta -8 ,2 4 -d ie n -3 3 - y l acetate 5 .0
5 a -la n o s t-8 -e n -3 3 ~ o l 3 .9
5 a - la n o s t-8 -e n -3 3 “y l acetate 6 .0
2 4 (R , S) -2 5 -e p o x y -5 o r la n o s t-8 -e n -3 3 ” 
y l  aceta te
2 peaks b ro ad  
2 .8
2 5 -h y d ro x y -5 a -la n o s t-8 -e n -3 3 - ol 1 .5
2 5 -h y d ro x y -5 a -la n o s t-8 -e n -3 3 - y l
aceta te
2 .1
"n itro g en o u s  p ro d u ct" 0 .9
T able 9(jj) GC-MS an a ly sis  of ~ 3900, Rp 0 .31 , ox ida tion  p ro d u c t
(22 eV) -  'Selected io n s .
m /z Ion  ty p e 0.o
451 [ M ] +* 15
426 [ m +* - c h 3 *] 3
482 [M + , -C H 3C O N H 2] 21
481 [M + , -C H 3C 0 2H ] 38
466 [M + ,-C H 3C 0 2H -C H 3*] 9
438 [M + ,-C H 3C 0 2H -4 3 ] 6
422 [M +* -C H 3C 0 2H -C H 3C 0 ] 23
407 [M +* -C H 3C 0 2H -C H 3C 0 N H 2-C H 3 * ] 100
M etastab le  tra n s it io n
$
541 a m u  ^  482 amu M calcu lated  429.43
$
M observed  428.90
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T ab le  10 . H ig h  reso lu tio n  mass analysis of 1 ° ^ ^  = 3900
Form ula m l  z oO Io n  typ e
C 34H 55N 0 4 541.4128 16.50 [ M ] +>
( C 30H 50) 482.3893 21.52
C 32H 31N 0 2 481.3911 36.69 [M + , -6 0 ]
C 31H 48N 0 2 466.3671 7.05 [M + --6 0 -1 5 ]
C 30H 4 6 ° 422.3449 21.89 [M +'-6 0 -5 9 ]
C 29H 4 3 °
407.3310 100 [M + --6 0 -5 9 -1 5 ]
C a lc u la te d  C 32H 51N 0 2 at 481* 3919
J C 3113CH51N 0 2 at 482.3953
(  c 32h 50o 3 at
AM 0.0193
R eso lv in g  pow er ^  25,000
T ab le  11. H igh re so lu tio n  MS
Form ula m /z 00
C 3113CH51N 0 2
C 32H 5 0 °6
482.3925
482.3784
17.56
6 .23
T a b le  12 . In f r a r e d  spectrom etric  data fo r n itrogenous p ro d u cts
O b served
(cm “ l ) Group
3392 (b ) v(N-H)
2960 (s ) I
2936 (s ) r v(C-H)
2870 (s ) -»
1733 (s ) v(C=0) ester
1715 (m ) v(C=0) amide (I)
1684 (s ) v(C=0) enone
1610 (s ) v(C=0) amide (II)
1521 (m )
1465 (m ) CH d e f.
1375 (m)
1245 (s ) v(C-O)
144
13
T ab le  13(i). C DEPT NMR of 5g -lan o st-8 -en -3 B -y l ace ta te  (in  CD CjU )
O b s e rv e d
(p p m )
Group O bserved
(ppm )
G roup
170.954 A c , CO 22.527 C -2 6
134.504 C -8 20.991 C - l l
134.230 C -9 19.164 C -1 9
80 .917 C -3 18.704 C -21
5 0 .496 C -5  + C -17 18.118 C -6
49 .793 C -1 4 16.512 C -2 9
44 .441 C -13 15.739 C -1 8
39.508 C -2 4 21.292 A c -C H 3
37 .790 C -4
36 .688 C -10
36 .464 C -20  & C -22
35 .267 C - l
30 .969 C -12
30 .808 C -15
28 .198 C -16
27 .980 C -25
27.695 C -28
26 .377 C - l
24 .238 C -30
24 .166 C -2
24.095 C -23
22 .811 C -27
145
T able 1 3 (ii) . 2D 6  H / 6  C COSY NMR of n itro g en o u s  p ro d u c t
6 6 .2 0  ppm (1 H , d , J = 9 H z , N H ) no co rre la tio n , 6 4 .78  ppm (1 H , 
b d , J = 8 H z , H -7 )  co rre la ted  to 48.253 ppm ( C H ) , 6 4 .50 ppm (1 H , b t ,
J = 8 H z , 3 a -H ) c o rre la te d  to 80.225 ppm (C H ) ,  6 3 .05 ppm (1 H , b d ,
J = 14 Hz and  2 H z , H - 6 ) no c o rre la tio n , 6 2 .49  (2 H , A B , J = 18 H z , H -1 2 )
c o rre la te d  to  51 .915  ppm (C H 2) , 6 2 .03  (3 H , s , C H 3C O -) c o rre la te d  to 
21 .311  ppm (C H 3) ,  6 1 .9 9  (3 H , s , C H 3C O -) co rre la ted  to 23.338 ppm (C H 3) .
T ab le  1 3 ( i i ) . 50 MHz ~^C D EPT NMR of n itrogenous p ro d u c t
C 34H 55N O 4 contains 10 x  C H 3 , 9 x  C H 2 , 6 x  C H , 9 x  C .
F ound: 10 x  C H 3 , 9 x  C H 2> 6 x  C H , 9 x  C .
S ig n a l
(p p m )
Group Signal
(ppm )
G roup
200 .71 c=o, c-11 34.36 c h 2
171.17 C = 0 , AcO 30.27 CH2
168.92 C = 0 , AcN 28.42 c h 3
159.94 \ 
/ O 11 O O 1 00 28.10 C H 3
142.49 > C = C , C -9 27.97 CH
80 .22 C H , C -3 27.14 c h 2
51 .9 1 C H 2 , C -12 25.60 c h 2
5 0 .90 C 24.15 c h 2
50 .25 CH 24.05 c h 2
48 .25 C H , C7 23.33 C H 3 , c h 3c o -
4 7 .7 7 CH 22.78 C H 3
47 .23 C 22.48 c h 3
39 .37 C H 2 21.31 c h 3 , c h 3c o -
38 .81 c 18.34 c h 3
37 .53 c 17.77 C H 3
36 .18 CH 16.91 C H 3
36.12 c h 2 16.85 C H 3
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T a b le  15 . GC~MS analysis  of p ro d u ct from acid h yd ro lys is  of n itro g en o u s  
p ro d u c t a fte r  ace ty la tio n , I°2 7 0 ° = 3530 ( selected io n s )
m /z Ion  type Q.0
498 [M ]+- 100
483 [M + ,-1 5 ] 6
481 5
438 [M +* -6 0 ] 24
423 6
422 7
407 14
385 [M +’ -s id e  chain (1 1 3 )] 7
345 5
331 6
318 16
302 [M +'-1 9 6 ] 26
292 27
270 5
255 5
189 4
163 3
149 4
136 7
121 10
T able 16. GC-MS an a ly sis  of com ponent of I ^ g o  = 3380 from  CAN
o x id a tio n  of 5 g -la n o s t-8 -e n -3 g -y l ace ta te
m /z Ion  typ e Q."0
466 [M ]+< 12
423 [M +’ -43 ] 6
406 [m + ,- c h 3c o 2h ] 100
391 [m + ,- c h 3c o 2h - c h 3‘ ] 31
313 9
293 [M +*-s id e  chain~C H 3C0 2H] 3
285 4
279 11
263 4
251 [M +* -r in g  D -C H ^ C ^ H -H *  ] 11
237 [M +* - r in g  D -C H 3C 0 2H -C H 3 ’ ] 10
225 14
209 6
195 5
183 12
169 4
148 2
135 1
123 2
T ab le  1 7 ( i ) . G C -M S analysis of 7, l l -d ik e to -5 g - la n o s t-8 -e n -3 g -y I
acetate
m l  z Ion  typ e a0
498 [ M ] +- 100
483 [ m + ,- c h 3 ’ ] 5
470 [M +* -C O ] 3
456 [M + , -C H 2C = 0 ] 3
438 [M + ,-C H 3C 0 2H] 25
423 4
410 3
395 2
391 2
385 [M +’ -s id e  chain (1 1 3 )] 6
372 2
357 3
345 4
331 5
318 13
302 [M +‘ -196] 24
292 18
T ab le  1 7 ( i i ) . GC-MS an a ly sis  of com ponent I°270° = 3 5 3 0
m /z Io n  typ e 0."O
498 [M ]+* 100
483 [ m +' - c h 3 ‘ ] 7
470 [M +* -C O ] 4
456 3
438 [m + ,- c h 3c o 2h ] 24
423 2
420 [M + ,-C H 3C 0 2H -H 20 ] 3
410 [M +* -C H 3C 0 2H -C 0 ] 3
391 3
385 [M + ‘ -s id e  chain (1 1 3 )] 7
372 2
357 [M +*-s id e  ch a in -C O ] 3
345 5
331 7
318 14
302 [M +*-196 ] 28
270 7
255 9
243 2
227 2
215 2
203
5
T able 17(ii) ( c o n td .)
m /z Io n  typ e a0
189 3
173 3
163 4
147 3
136 196-60 6
121 196-60-15 7
T able 18. GC-MS an a ly sis  of com ponent = 3610
u  I  U
m /z Io n  typ e O.0
512 [M +‘ ] 100
498 8
484 [M + ,-C O ] 9
469 5
452 [ m +* - c h 3c o 2h ] 4
436 3
422 4
407 6
399 [M +‘ -s id e  chain (1 1 3 )] 21
391 3
385 3
371 [M +*-s id e  ch a in -C O ] 4
355 5
343 [M +’ -r in g  D -C H 3 ' ] 5
332 8
317 7
303 6
295 5
261 3
255 5
243 3
227 5
T ab le  18 ( c o n td .)
m /z Ion  typ e
203
187
181
161
147
135
123
111
153
T ab le  19( i ) . GLC d a ta  a t 260°C, 1% OV-1
—  ■ - ■ -
Compound TO V - l
- 2 6 0 °
2 4 (R ,S ) -h y d r o x y c h o le s t -5 -e n -3 3 -y l  acetate 3500
2 4 -k e to c h o le s t-5 -e n -3 f3 - y l acetate 3300
2 4 (R , S) -h y d ro x y -5 o rc h o le s ta n -3 f3 _y l acetate 3480
2 4 (R ,S )-h y d ro x y -5 3 ~ c h o le s ta n -3 3 - y l acetate 3430
2 4 (R  ,S )-h y d ro x y -5 a -c h o le s ta n -3 3 - ol 3360
2 4 (R , S ) -h y d r o x y -5 3 _ch o les tan -33 - ol 3330
2 4 (R , S) -h y d ro x y -5 a -c h o le s ta n -3 -o n e 3370
2 4 (R , S) - h y d r o x y - 5a -ch o les tan -3 -o n e  m ethyl oxime 3410
c h o le s ta -5 , 2 4 -d ie n ~ 3 3 - y l acetate 3270
c h o le s ta -5 , 2 3 -d ie n -3 3 _y l acetate 3240
2 4 (R , S ) -a c e to x y c h o le s t-5 -e n -3 3 - y l  acetate 3540
T a b le  1 9 (i i ) . Mass s p e c tra l data fo r 2 4 (R ,S )-h y d ro x y -5 o (,-c h o le s ta n -3 3 ~
y l acetate  (se lected  ions)
m /z Ion  typ e a*0
446 [M +‘ ] 0 .8
428 7 .3
386 [ M * '-C H  C 0 2H ] 7 .8
371 [M + --C H  C 0 2H -C H  ’ ] 2 .8
359 [ m + ,- c 5h 11o - ] 3 .5
345 [ m +' - c 6h 13o - ] 0 .1
290 [M + ' - C 10H 2 0 ° ' ] 1 .3
276 [M +‘ -  r in g  D ] 3 .0
230 [M +* -C H 3C O 2H -C 1()H 20O * ] 5 .3
216 [M +* -C H 3C 0 2H -r in g  D ] 8 .0
215 [ m +* - c h 3c o 2h - c 10h 20o - c h 3] 16.5
201 [M +* -C H 3C 0 2H -r in g  D -C H 3] 5 .2
73 [ c 4h 9o ] + 26 .6
43 [C 3H ?] + or [C H 3C O ] + 100
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T ab le  2 0 ( i ) . GLC data
Colum n: 6 f t  1% O V -1  at 270°C ; N 2 c a rr ie r  gas at 40 m l/m in
Compound To v - i  — 270°C
5 a -la n o s t-8 -e n -3 3 ~ y l acetate 3340
5 a - la n o s t-8 -e n -3 3 -o l TMS e th e r 3290
5 a -la n o s ta -8 , 24 -d ien -33~o l TMS e th er 3315
5 a -la n o s ta -7 , 9( 1 1 )-d ie n -3 3 _y l acetate 3370
8a, 9 -e p o x y -5 a -la n o s ta n -3 B -y l acetate 3520
33- h y d ro x y -5 a -la n o s ta n -7 -o n e 3520
7 -k e to -5 a - la n o s ta n -3 3 - y l acetate 3600
7 -k e to -5 a - la n o s ta n -3 3 - ol TMS e th er 3550
3 3 - a c e to x y -5 a -la n o s t-8 -e n -7 -o n e 3570
3 3 - a c e to x y -5 a - la n o s t-8 -e n - ll-o n e 3530
3 3 - a c e to x y -5 a -la n o s t-8 -e n e -7 ,1 1 -d io n e 3530
7a -h y d ro x y -5 a -la n o s ta n - 3 3_y l acetate 3640
5 a -la n o s ta n e -3 $ , 7a~diol 3560
3 3 - a c e to x y -5 a -la n o s ta n -7 a -o l TMS e th er 3620
5 a -la n o s ta n -3 3 , 7a -d io l d i-TM S e th e r 3535
5 a -la n o s ta n e -3 3 , 7a-d io l d iacetate 3630
5 a -la n o s ta n e -3 3 , 73_diol 3555
5 a -la n o s ta n e -3 3 , 73- diol d i-T M S  e th e r 3490
3 3- a c e to x y -5 a -la n o s ta n - 73_ol TMS e th er 3550
5a- la n o s ta n e -3 3  > 73_diol d iacetate 3660
7a, 3 0 -o x id o -5 a -la n o s ta n -3 3 _y l acetate 3615
A I 33 -O H   33-O Ac
(in  7 -k e to )
( in  7a O H)
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T ab le  20(i i ) .  C ap illa ry  GLC data
Compound I
7 -k e to -5 a -la n o s ta n -3 3 ~ y l acetate
7 a -h y d ro x y -5 a -la n o s ta n -3 3 - y l acetate
3 3 - a c e to x y -5 a -la n o s ta n -7 a -o l TMS e th er
3 3 - ac e to x y -5 a -la n o s ta n -7 3 ~ o l TMS e th er
7 a -h y d ro x y -5 a -la n o s ta n ~ 3 3 - y l acetate /
7 3 - h y d ro x y -5 a -la n o s ta n -3 3 ~ y l acetate
7a, 3 0 -o x id o -5 a -la n o s ta n -3 3 _y l acetate
3536
3570
3586
3512
one peak  
3576
3544
Colum n: Cp S il 5 c b , 25mx0.32mm ID  0 .1 1  p.m film  th ickn ess
C a r r ie r  gas: He at 3 m l/m in
P ro g ram : In it ia l  value = 80°C
In it ia l  time = 2 min
L eve l 1 Prgm  ra te = 30°C /m in
F in a l value = 230°C
F in a l time = 1 min
L e v e l 2 Prgm  ra te = 1°C /m in
F in a l value = 280°C
F in a l time = 20 min
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T a b le  _2! - M,S_C I (N H 3) and E l fo r component I ^ q* = 3380 (R f  0 .6 1 )
C l (am m onia) gave:
m /z Ion  typ e OO
502 .5 [M + N H 4 +] 7
485 .5 [M + H ] 100
4 6 7 .4 [M + H ] -18 19
4 2 5 .4 [M + H ]-6 0 58
4 0 7 .4 [M + H ]-6 0 -1 8 48
E l g ave:
m /z Ion  typ e a0
484 [M ] +‘ 4
454 [M +* -3 0 ] 2
371 [M + * -s id e  chain] 13
353 [M +*-s id e  c h a in -H 20 ] 2
342 6
311 [M ^^'-CH^CO ^H-side chain] 25
293 [M + ,-C H 3C 0 2H -H 20 -s id e  chain ] 18
281 [M +<-C H 20 - C H 3C 0 2H -s id e  chain] 12
259 2
145 42
43 [C 3H ?] + or [C H 3CO ] + 100
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T a b l e  2 3 . GC MS C l (N H ^ ) and E l fo r component = 3560
La (  \ )
C l (am m onia) gave:
m /z Io n  typ e O0
518 .5 [M + N H 4+] 32
4 5 5 .4 [M + H -4 6 ] 100
3 9 5 .4 [M + H -4 6 -A c O H ] 73
341 .3 [M -4 6 -s id e  chain] 5
E l g ave:
m /z Ion  typ e o0
454
MD1
+
7
439 [M + * -4 6 -1 5 ] 9
387 [M + , -s id e  chain] 4
369 [M + ,-s id e  ch a in -E ^ O ] 4
341 [M +*-3 4 1 -s id e  chain] 50
281 [M + ‘ -4 6 -s id e  cha in -A cO H ] 15
145 71
43 [C 3H 7] + or [C H 3C O ] + 100
T ab le  24. 200 MHz H NMR for com ponents of 0 .61 , = 3560,
(C D C £ 3) :  6 8 .0 5  (1 H , s , u n k n o w n ), 5 .49 (1 H , b s , o lefin ic  H ) , 5 .33
(0 .5 H ,  m, u n k n o w n ), 5 .02  (1 H , b s , o lefin ic H ) ,  4 .50  (2 H , d o f d ,
2 x  3 a - H ) , 4 .2 4  (0 .5 H , bm, u n k n o w n ). 3 .65 (1 H , s, u n k n o w n ), 2 .25  
(3 H , m ).
T a b le  2 5 . Mass s p e c tra l data on hemiacetal (70 ) (se lected  ions) 
C 32H 5 4 °4  (502)
m /z Ion  typ e 0*0
484 [m + ,- h 2o ] 0 .4
469 [m + ,- h 2o - c h 3 *] 0 .2
456 [M +* -4 6 ] [M + ,-C H 20 2] 14 .6
442 [M + , -A cO H ] 1 .1
441 [M +* -4 6 -C H 3 ‘ ] 3 .3
396 [M + * -A c O H -4 6 ] 3 .2
381 [M + , -A cO H -4 6 -C H 3 ’ ] 6 .2
343 [M +* -4 6 -s id e  chain] 2 .1
283 [M + ‘ -4 6 -A c O H -s id e  chain] 4 .3
43 [C 3H 7) + or [C H 3CO ] + 100
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T able 26. I n f r a r e d  sp ec tro m etric  da ta  for hem iacetal (70)
B and  o b served  
( cm_ l ) Group
3615 (w ) sharp fre e  v (O -H )
2955 (s ) -)
v ( C - H )
2870 (s ) J
1732 (s ) V (C = 0 ) es te r
1468 (m ) I
Y (C -H )  d e f.
1370 (m ) J
1248 (s ) v (C -O )
T a b le  2 7 . NMR d ata  fo r hem iacetal (70)
(C D C £ 3) :  6 5 .4 5  (0 .2 H ,  b s ) ,  4 .50  (2 H , ra, 3ctrH ), 4 .15  (1 H , b m ),
2 .0 3  (6 H , s , C H 3C 0 2- ) .
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T a b le  28. In f r a r e d  spectrom etric  data fo r lactone (71)
B and  observed  
(cm - -*-) Group
2958 (s )  1Y v ( C - H )
2875 (s )  J
1771 (m) v (C = 0 )  lactone
1735 (s ) v (C = 0 ) es ter
1460 (m ) *)
V (C -H )  d e f.
1370 (m ) J
1245 (s ) v (C -O )
T a b le  29. Mass sp ec tra l data fo r lactone (71)
m /z Ion  type 0.•0
500 [M ] +‘ 1 .4
485 [ m + ,- c h 3 ' ] 1 .9
472 [M +* -C O ] 1 .9
456 [ m + ,- c o 2] 7 .7
441 [M + * -C 0 2 _C H 3 * ] 2 .7
440 [M + * -A cO H ] 2 .3
425 [M + ’ -A cO H -C H 3*] 2 .4
396 [M + * -A cO H -C 0 2] 2 .6
381 [M + * -A c0 H - C 0 2-C H 3 * ] 4 .8
327 [M +*-s id e  chain -A cO H ] 4 .6
283 [M +‘ -s id e  c h a in -A c O H -C 0 2] 4 .2
43 [C 3H 7] + or [C H 3CO ] + 100
T ab le  31 . In f r a r e d  sp ec tra l data fo r components I ° V “ o = 3615 and
270° ^ ~
O V -1  I  = 3770— 270° - - -
B and  observed  
(cm “ l ) Group
2955 (s ) 1
v ( C - H )
2870 (s) J
1770 (m) v(C=0) lactone
1731 (s ) v(C=0) ester
1375 (m )
(C -H )  d e f.
1368 (m )
1245 (s ) v(C-O)
1098 (m ) Ir V(C-O-C)
1031 (m) J
T ab le  32. M ass s p e c tra l  d a ta  fo r com ponent IQ-XQj  = 3730
m l  z Ion  type 0,o
512 0 .4
503 0 .2
502 [M ]+< 0 .9
484 [m + ,- h 2o ] 1 .7
456 [M + ,-46 ] 3 .5
442 [M +* -A cO H ] 3 .3
441 [M + ,-4 6 -C H 3*] 0 .9
427 [M + ,-A cO H -C H 3‘ ] 0 .3
396 [M +‘ -46 -A cO H ] 2 .0
381 [M + ,-4 6 -A cO H -C H 3 *] 1 .7
343 [M +* -4 6 -s id e  chain] 1 .3
283 [M +‘ -4 6 -A c O H -s id e  chain] 2 .3
43 [C 3H ?] + or [C H 3C O ] + 100
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Section 4 : R esu lts  -  Long Range Functionalisation
4 .1  R ad ica l R e lay  C h lo rin a tio n s  of 3 -P y r id y lm e th y l-3 a -a c e to x y -5 g -  
c h o la n -2 4 -o a te
In tro d u c tio n
Photochem ical M ethods to A chieve Functionalisation
R ecen t w o rk  in  th is  fie ld  has m ainly come from the Breslow
group  in  p a r t ic u la r ,  us ing  attached  p y rid in e  es te r tem plates to
s e le c tiv e ly  d ire c t  s te ro id  ch lorinations (see Section 1 .2 ) .  T h e  most
u sefu l a p p lic a tio n  o f the  tem plate method so fa r  is the ch lo rination  at
28C -9  d ire c te d  b y  th e  tem plate attached  at C -1 7 . In  a re p e titio n  of 
26B reslow 's  w o rk , 5a-cholestan-3c£-yl n ico tinate  (72) was p re p a re d  b y
96the  M itsu n o b u  re a c tio n  on 5a -ch o les tan -3g -o l (100% y ie ld ) (see
E x p e rim e n ta l section  4 .1 .1 ) .  O th er methods were attem pted  to p re p a re
72 from  5ot~cholestan-3ot~ol b y  condensation w ith  n icotin ic  acid v ia  
97n ic o tin y l c h lo r id e . H o w ever, the reaction  d id  not go to completion  
and iso la tio n  o f th e  d es ired  p ro d u c t (72) was d iff ic u lt  due to the  
fo rm ation  o f t a r r y  m ate ria l.
HO 72
OH
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On ir ra d ia t io n  of a solution of 72 contain ing P h IC £2 (see  
E xp erim en ta l section 4 .1 .2 ) ,  a s lig h tly  more polar m ateria l was produced  
w hich was presum ed  to be the 9a -c h lo ro -d e riv a tiv e  of 72. S apon ifi­
cation and  d e h y d ro c h lo rin a tio n  y ie lded  5a-cho lest-9 ( 11) -e n -3 a -o l,  whose
-I ^
H NMR was sim ilar to th a t p u b lished . Breslow et_ a l. have re p o rte d  
th a t th e  14orch loro  d e r iv a tiv e  of 72 was also produced and on sap o n ifi­
cation and  d e h y d ro c h lo rin a tio n  y ie lded  5 a -c h o le s t-1 4 -e n -3 a -o l (3% y ie ld )  
w hich contam inated  the  major p ro d u c t. In  our w ork  no v in y l H 
resonance (6  5 .1 0 ) o f 5a -ch o le s t-1 4 -e n -3 a -o l was observed  in  the  
NMR o f th e  p ro d u c t, on ly  two low in te n s ity  broad signals at 6 5 .4 3  and  
5 .3 8 , w h ich  a re  p ro b a b ly  due to products form ed v ia  double ch lo rin a tio n
1. hv/PhlCl2
72
2. base HO
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9
9+
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esters
3 P y r id y l m e th y l^  (73) of long-chain  branched  and u n s a tu ra te d
fa tty  acids have  been used to determ ine the position of the b ran ch
p o in t and  th e  double bond position b y  mass sp ectro m etry . 98 E lec tron
bom bardm ent o f these d eriv a tiv e s  produces a rad ica l cation (m olecular
ion) w h ich  can u n d erg o  hydrogen  atom abstraction  then  ra d ic a l-in d u c e d
cleavage (Schem e 14 ). Because the fa t ty  acid p ico liny l d e r iv a tiv e
contains n itro g e n , i t  is v e ry  easy to in te rp re t  the fragm entation  p a t te r n .
0( fo r  th e  n itro g e n  contain ing  fragm ents [A ] * , these y ie ld  even num bered
io n s ) . T h ese  3 -p ic o lin y l d e riva tives  are superio r to p rev io u s ly  used acy l 
p y rro lid id e s  (7 4 ) ,  b o th  in  ease of p rep ara tio n  and in  the abundance of 
s tru c tu ra lly  d iagnostic  io n s .
73
V e tte r  and  M e is te r have in tro d u ced  nicotinates (75) fo r sim ilar 
s tru c tu ra l s tu d ies  on lo n g -ch a in  fa t ty  alcohols.
O
75
T ria z o lo p y r id in e  (7 6 ) d e riv a tiv e s  of fa tty  acids have been found to  
be s u p e rio r  to  p y rro lid id e s  and s lig h tly  superio r to 3 -p ico lin y l esters  
w ith  re g a rd  to th e  specific  fragm entation  p a tte rn . T h e  triazo lo  
p y r id in e  d e r iv a t iv e  is p re p a re d  b y  reacting  the ac tivated  fa t ty  acid  
w ith  2 -h y d ra z in o p y r id in e  followed b y  cyclisation. These d e riv a tiv e s  are
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th u s  m ore d if f ic u lt  to p re p a re  than the corresponding acyl p y rro lid id e s .
Y
O
=>
-HoO
76
I t  was proposed to attem pt rad ica l re la y  ch lo rination  on the  
3 -p y r id y l-m e th y l e s te r of 3o raceto xy -53- cholan-24-o ic  acid (7 7 ) .  In  
th is  case, a s te ro id a l acid is used and the template is the alcohol 
p o rtio n , 3 -p y r id y lm e th a n o l. Models suggest th a t the ch lorine  
(a tta c h e d  to the  n itro g e n  of the p y rid in e  r in g ) could be d e liv e re d  to  
b o th  th e  s te ro id a l side chain and to r in g  D . 3 -P y rid y lm e th y l 3cr 
acetoxy -5 f3~ch o lan -24 -o a te  (77) was p rep ared  from litocholic acid  
(3 c rh y d ro x y -5 3 -c h o la n -2 4 -o ic  acid) b y  acetylation to form the 3oracetate , 
fo llow ed b y  reac tio n  w ith  S O C &2 to §i-ve the ac^  ch loride which was 
condensed w ith  3_p y rid y lc a rb in o l to give the ester (77 ) (see E xp erim en ta l 
section 4 .1 ,3 ) .
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OH
77AcOHO
A 1. Ac20 /p yr
2. SOCI2/ f Y ^ O H
T h e  re a c tio n  o f 77 U  270° = 4020) w ith  Ph IC Jl2 u n d er  
ir ra d ia t in g  cond itions  (see E xperim enta l section 4 .1 .4 )  was m onitored b y  
GLC (T L C  fa ile d  to separate  the p roducts  from the s ta rtin g  m a te r ia l). 
U n d er ir ra d ia t io n  fo r  45 m in , a major p ro d u c t was form ed (I_ ^ 7 0 ° = 3880) 
in  a 1 :1  m ix tu re  w ith  th e  s ta rtin g  m ateria l. I t  was th o u g h t th a t th is  
was a c h lo ro -d e r iv a t iv e  o f 77 w hich com pletely elim inated H C £ on G LC . 
A fte r  45 min re a c tio n  tim e, more p roducts  were produced  as ju d g ed  b y  
G LC . F ig u re  5, scan B , shows the 'to ta l ion chrom atogram 1 reco rd ed  
b y  G C -M S  u n d e r  C l cond itions. Traces C and D re p re s e n t selected  
ion c u r re n t  chrom atogram s fo r m/z_ 508 and 510, re s p e c tiv e ly .
Com ponents 1^270° = anc* -^270° = are  re Presentec* k y  Pea^s 
o b served  in  th e  re g io n  o f scan num bers 747 and 929, re s p e c tiv e ly .
G C -M S u n d e r  C l conditions (F ig u re  6 ) of component I_ 2790 = 3880 
(scan  747) gave th e  [M + l]  ion at 508, in d ica tin g  a double bond to be 
p re s e n t. T h e  o th e r major p ro d u c t (F ig u re  7) I_ = 4020 (scan 929) 
was id e n t if ie d  as s ta r t in g  m ateria l hav ing  [M + l] at 510. A minor
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p ro d u c t was also o b served  to contain a double bond w ith  [M + l ]  at 508 
(F ig u re  8 , scan 6 3 3 ). Component w ith  I ° 2^ qo = 3880 u n d er E l GC-M S  
conditions (T a b le  55, scan 510, F ig u re  9) was shown to contain  a double  
bo n d , w ith  m olecu lar ion at 507. A strong ion was observed  at 
m /z 255, c o rre s p o n d in g  to a fragm ent [ C 19H 27] + in  which two double  
bonds o ccu r in  th e  s te ro id  nucleus (one double bond o rig in a tin g  from  
loss of A c O H ). Com ponent of 1^270° = (T ab le  56, scan 574,
F ig u re  10) c o rresp o n d ed  to the s ta rtin g  m aterial 3 -p y r id y lm e th y l 
3 c ra c e to x y -5 3 - c h o la n -2 4 -o a te . H ow ever, the d ire c t probe mass 
spectrum  o f th is  1 :1  m ix tu re  (T ab le  57) revealed  an ion at 543 amu, 
th o u g h t to  be due to the m o n o ch lo ro -d eriva tive . The reaction  
m ix tu re  was sap o n ified  and dehydroch lorinated  using K O H , then  
m eth y la ted  (H C & /M e O H  or C H 2N 2) and fin a lly  acety lated  to give  
p ro d u cts  w ith  lo w er re te n tio n  values on G LC . The p roducts  had  
re te n tio n  in d e x  va lues of 1^260° = — 260° = (w h ich  w ere bo th
suspected  o f co n ta in in g  double bonds) and I_ 270° = ^230 (w h ich  was 
id e n tic a l to m e th y l 3a -ace to x y -5 $ -c h o la n -2 4 -o a te  (78) (I_ 270° ~ 3230) 
co rresp o n d in g  to u n re a c te d  s ta rtin g  m ateria l.
O
OCH
78
A c O
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C a p illa ry  GLC showed th a t the peak at 1 ° ^  = 3190 was made 
up of tw o com ponents and GC-MS confirm ed th at components o f the peaks
at -°2 6 0 ° = 3105 (T a b le  5 8 > F ig u re  11) and I ° 2^ qJ = 3190 (T a b le  59,
F ig u re  12) w ere  n u c le a r o lefin ic  steroids -  both having  base peak at
m /z 255, co rre s p o n d in g  to a [ C ^ H ^ ] *  fragm ent. H ow ever, the
frag m en ta tio n  p a t te rn  d id  not allow the position of the double bond to
be d e te rm in e d . T a b le  60 and F ig u re  13 show the mass spectrum  of 
O V -1
component I_ 260° " 3230 id e n tif ie d  as 78. Various methods have been  
used to f in d  double bond positions and most re ly  on fix in g  the double  
bond b y  e p o x id a tio n  or h yd ro x y la tio n  and subsequent conversion of 
these p ro d u c ts  in to  d e r iv a tiv e s  such as TMS e th ers , cyclic alkane  
boronates o r ace to n id es , w hich are suitable fo r s tudy b y  G C -M S .
Diol fo rm atio n  fo llow ed  b y  trim e th y ls ily la tio n  is p a rt ic u la r ly  a t tra c tiv e ,  
as the re s u lt in g  s p e c tra  are  usua lly  dominated b y  the ions from a -  
c leavages , y ie ld in g  the  re q u ire d  s tru c tu ra l in form ation . I t  was 
proposed to use OsO^ to form the 1 ,2 -d io l of the unknow n olefin ic  
p ro d u c ts . G C -M S  of these d e riva tives  could possibly have in d ica ted  
the double bo n d  p os ition  v ia  the fragm entation p a tte rn s . Models 
suggested  th a t  ch lo rin a tio n  in  77 would be most lik e ly  to be d ire c te d  to 
the C -1 4  p o s itio n  and th e re fo re  subsequent dehydroch lo rination  would  
y ie ld  a m ix tu re  o f and A d o u b l e  bond isom ers. W ith th is  in
m ind, i t  was p ro p o sed  to compare the reaction of the unknow n m ethyl 
3 a -a c e to x y -5 $ -c h o la n -2 4 -o a te  w ith  th a t of a sim ilar double bond system . 
C h o le s t-8 ( 1 4 ) -e n - 3 3 - y l  benzoate (79) was trea ted  w ith  d ry  H C £  fo r  
2 h . ^ 2 A p o rtio n  of the  reaction  m ixture was hyd ro lysed  and the TMS  
e th e r fo rm ed  (see  E xp erim en ta l section 4 .1 .5 ) .  C ap illa ry  GLC in d ica ted  
a 2 .8 :1 .0  m ix tu re  in  fa v o u r of 5 a -c h o le s t-1 4 -e n -3 $ -o l TMS e th e r .
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79 TMSOBzO
+
Bz= PhCO-
1. HCI
2. KOH
3. BSTFA TMSO
B o th  p u re  5 a -c h o le s t-8 ( 1 4 )-e n -3 3 ~ o l and the 2. 8 :1 .0  m ix tu re
of 5 a -c h o le s t-1 4 ~ e n -3 $ —yl benzoate: 5a -ch o les t-8 ( 14 )-e n -3 $ -y l  benzoate
103w ere tre a te d  w ith  OsO^ in  p y r id in e  fo r 3 days . The  benzoates
w ere rem oved  b y  base h y d ro ly s is  and all the products tre a te d  w ith
B S T F A . G LC in d ic a te d  th a t lit t le  reaction  had occurred  w ith  5cr
c h o le s t-8 ( 1 4 ) -e n -3 3 _o l. C a p illa ry  GLC also showed th is ; how ever the
A ^ : A ^ ^ ^  m ix tu re  y ie ld e d  two major peaks, i . e . unreacted  5a- cho lest-
8 (1 4 ) -e n -3 g -o l TM S e th e r and an unknow n component re s u ltin g  from
complete re a c tio n  o f th e  A ^ -d o u b le  bond in  5a -ch o les t-14 -e n -3 f3 -y l
104b enzoate . G C -M S  confirm ed th is .
T a b le  61 and  F ig u re  14 show the mass spectrum  of the  
u n reac ted  5 c rc h o le s t-8 ( 1 4 )-e n -3 & -o l TMS e th er a fte r  trea tm en t o f the  
A / A ^ " ^  m ix tu re  w ith  OsO^. H ow ever, the A -cho lestene  
d e r iv a tiv e  y ie ld e d  a d io l m ono-TMS e th e r (80 ) and the fragm entation  
p a tte rn  (T a b le  62, F ig u re  15) showed the expected cleavage th ro u g h  
the d io l sys tem .
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OH O TM S
TMSO M-242
80
T a b le  63 and F ig u re  16 show the mass spectrum  of 5a- 
c h o le s ta n -3 $ -o l TM S e th e r w hich was an im p u rity  in  the o rig in a l reac tio n  
m ix tu re .
T h e  re a c tio n  o f the  unknow n m ethyl 3a -a c e to x y -5 B -c h o le n -2 4 -  
oate w ith  O sO^ was s tu d ied  b y  G C -M S. The major p ro d u ct was 
u n fu n c tio n a lis e d  s ta r t in g  m ateria l K £ . m ethyl 3a -a c e to x y -5 8 “ch o la n -2 4 -  
oate (7 8 ) (T a b le  64, F ig u re  1 7 ). The o ther p ro d u ct (T a b le  65, F ig u re  
18) gave [ M ] + ‘ a t m ! z _  536 and corresponded to the p a re n t tr io l 3- 
acetate m ono-TM S  e th e r  ( C ^ H ^ O ^ i )  (8 1 ) . The mass spectrum  
rev e a le d  c leavage  th ro u g h  the diol system to give ions m /z  292 and m /z  
243, co n s is te n t w ith  th e  A ^  position of the o rig in a l double bond  
(Scheme 1 5 ).
G C -M S  also confirm ed th a t the double bond isomer w ith  
-°2 6 0 ° = 3105 (T a b le  F ig u re  19) gave no reaction  w ith  OsC>4 . 
[5 a -C h o le s t -8 (1 4 ) -e n -3 B -y l benzoate also showed no reaction  w ith  OsC>4 J . 
I t  thus  ap p ears  th a t  th e  u n reac tive  double bond in  the cholenoate was 
located a t th e  A ^ 1 4 )-p o s itio n . The calculated re te n tio n  in d e x  fo r  
m ethyl 3 c ra c e to x y -5 B -c h o l-8 ( 1 4 )-e n -2 4 -o a te  was found to be I°260® = 3195 
(T a b le  6 7 ) .  S jo va ll and E n e ro th 105 rep o rted  the re la tiv e  re te n tio n  of
I 
o
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OCH*
O T M S
OCH
OTMS
OH
m/z 292
m/z 243
m ethyl 3a, 12a d i tr if lu o ro a c e to x y  5$~chol—8( 14 )—cn—24—oate as 0 .86  
com pared to  m e th y l 3a, 1 2 a ~ d i-tr iflu o ro a c e to x y -5 3 -c h o la n -2 4 -o a te .
T h e  m ix tu re  of ch lo rin a ted /u n su b s titu ted  steroids was iso lated
b y  column c h ro m a to g ra p h y . Numerous TLC systems fa iled  to achieve
any f u r th e r  s e p a ra tio n . The  1H NMR spectrum 106 of the m ix tu re  gave
broad  s igna ls  fo r  th e  arom atic protons (Tab le  60a) and showed two
acetate (C H ^ C O - ) s ignals in  the ra tio  1 .5 :1 .0 ,  ind icating  two compounds
18p re s e n t. H o w e v e r, the  C NMR (D E P T ) spectrum  (T a b le  68b) showed
fo u r s igna ls  fo r  th e  C -2 4  carbonyl and th ree  signals fo r the acetate
carb o n y l g ro u p , in d ic a tin g  a m ixtu re  of more than two compounds.
S im ila r ly , th e re  w ere  th re e  unreso lved  signals fo r the C -3  carbon
p o s itio n . T h e  spectrum  d id  show two q u a te rn ary  carbons at 93 .5  ppm
and 9 3 .3  ppm  in  th e  ra tio  of 3 .5 :1 .0 ,  resp ec tive ly , which could be due
to a carb o n  o f a C -C £  bond .
T h e re fo re , functionalisation  was achieved in  3 -p y r id y lm e th y l
3 a -a c e to x y -5 $ -c h o la n -2 4 -o a te  (77) under Breslow's conditions, even
though  th e re  was lim ited  evidence fo r ch lorinated  stero id  com pounds.
H o w ever, th ro u g h  sapon ification  and dehydroch lorination  o f the
14
p ro d u cts  from  th is  re a c tio n , GC-MS has shown th a t a A double bond  
has been  in tro d u c e d . T h e  synthesis of the A 14 d e riv a tiv e  of compound  
78 w ould  s ta r t  from  m eth y l 3 a -a c e to x y -1 2 a -h y d ro x y -5 3 -c h o l-8 ( 1 4 )-e n -  
24-oate  (a v a ila b le  from  a-apocholic acid -  supp lier A ld r ic h ) . O x idation  
of th e  12a~axia l alcohol to y ie ld  the 12-ketone which on Clemmensen or 
H au n g -M in lo n  re d u c tio n  would give the A stero id  th a t could be
p a r t ly  isom erised  to the  A 14-s te ro id  as in  the case of 5 a -c h o les t-8 ( 1 4 )-  
e n -3 3 ~ y l e s te rs .
178
Exp e rim e n ta l S ection  -  4 .1 .1
P re p a ra tio n  o f 5 g -c h o le s ta n -3 a -y l n icotinate
T o  a so lu tion  of 5a -ch o lestan -38 -o l (1 .1 3 8 g , 2 .93  mmol) in  d ry  
T H F  (60  m l) was added Ph^P 4.38 mmol) and n icotin ic  acid
(0 .5 4 7 g , 4 .4 4  m m ol). D ie th y l azodicarboxylate (D E A D ) (1 .4 4  m l, 9 .15  
mmol) in  d r y  T H F  (2 ml) was added dropwise under a n itro g en  
atm osphere . T h e  reac tio n  m ixtu re  was s tirre d  at R T  fo r 20h. An  
a liq u o t was rem oved  and both  GLC and TLC  revealed  th a t the reactio n  
had gone to com pletion . = o^ r 5 a -c h o le s ta n -3 a -y l-
n ic o t in a te ) . T h e  so lvent was removed under reduced p re s s u re .
Excess D E A D  was rem oved b y  vacuum d istilla tion  (1 1 0 °C /0 .5  mm H g ) .  
The c ru d e  re a c tio n  m ix tu re  was subjected to column chrom atography to  
rem ove Ph^PO (s o lv e n t system C H C ^ E tO A c  3:1 v / v ) .  5a- C ho les tan - 
3 a -y l n ic o tin a te  was e lu ted  from the column and a f irs t  crop c ry s ta llis e d  
from MeOH (0 .6 0 9 g )  m .p . 105-107°C ( l i t . ,  not re c o rd e d ). 200 MHz 
l H  NMR (C D C & 3) ,  6 9 .2 8  (1 H , b s , H a ), 8 .78 (1 H , d , J = 5 H z , H d ) , 
8 .30  (1 H , d o fd , J = 9 Hz and 5 H z , H b ) , 7 .40 (1 H , d o fd , J = 9 Hz
and 5 H z , H e ) ,  5 .3 2  (1 H , b s , 33_H ) , 0 .83  (3H , s ) , 0 .64  (3 H , s ) .
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M ass s p e c t r a l  d a ta  f o r  5 g - c h o le s ta n -3 g -y l  n ic o t in a te  
C 33H 51N 0 2 (4 9 3 )
m /z Ion  type 0.0
493 [M ]+* 32 .1
478 [m +* - c h 3* j 1 .4
380 [M + , -S C ] 0 .7
370 [M + , -p y r  C 0 2H] 10.6
355 [M + ’ -p y r  C 0 2H -C H 3 '] 11.0
316 [M + ‘ -p y r  C 0 2H -r in g  A ( r D A ) ] 3 .1
257 tC l6 H 23] 22.8
124 [p y r  H C 0 2H] 100
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Exp e rim en ta l S ec tion  -  4 .1 .2
Reaction o f 5 g -c h o le s ta n -3 g -y l n icotinate w ith  Ph lC l, /h v
2*
T o  a so lu tion  o f 5g -cho lestan -3g -y l n icotinate (1 1 0 .4  m g, 0 .22  
mmol) in  d e o x y g e n a te d  C H 2C £ 2 (20 m l). P h IC £ 2 (250 mg, 0 .90  mmol) 
in  C H 2C & 2 (2  m l) was added w ith  s t ir r in g . The solution was ir ra d ia te d  
using  a 300W tu n g s te n  filam ent lamp for lh .  A fte r  th is tim e, an a liquot 
was re m o v e d , and  GLC showed complete conversion, w ith  no evidence of 
s ta r tin g  m a te ria l [ I ° 2 6 0 °  = 387°1 • 0 n lY two peaks were observed:
—^ 260° = 38^ >  th o u g h t to  be 5orcholest-9( 11 )-e n -3 a -y l-n ic o tin a te , and an 
unknow n com ponent 1^260° = 3888* The solvent was rem oved u n d er  
red u ced  p re s s u re , and T H F  (20 ml) and MeOH (1 ml) were added.
10% K O H  (2  m l) in  MeOH was added, and the m ixture  re flu x e d  fo r 2sh. 
The so lven ts  w ere  rem oved u n d er reduced p ressu re , and the reaction  
m ix tu re  was e x tra c te d  w ith  EtO Ac. The extracts  were d rie d  and the  
so lven t rem o ved  to y ie ld  a yellow solid (54 m g). C rys ta llisa tio n  gave a 
f ir s t  crop  (8  m g) o f im pure (c£. NMR data) 5g-cho lest-9 ( l l ) -e n ~ 3 o ro l,  
m .p . 134 -137 °C  ( l i t . ,  164 -167 °C ); second crop (2 .6  mg) and th ird  
crop (2 .0  m g ). 200 MHz 1H NMR of 5 c rc h o le s t-9 ( l l) -e n -3 a -o l (C D C £ 3)
6 5 .4 3  (0 .2 5  H , im p u r ity ) ,  5 .38  (0 .2 5  H , im p u r ity ) , 5 .28 (1 H , d ,
J = 5 H z , C - l l ,  C H ) ,  4 .05  (1 H , m, 3 £ -H ) . I ^ qo = 3075 <£f. L°260° = 
3100 fo r  5 a -c h o le s ta n -3 o ro l) .
T h e  mass spectrum  revealed  incomplete dehydroch lo rination  of
the 9 a -c h lo ro -d e r iv a t iv e  and ind icated  the presence of a diene
(M + ‘ = 384) p ro b a b ly  form ed via  a double ch lorination . T h is  would
th e re fo re  account fo r  the  low m .p . of crude 5 o r c h o le s t -9 ( l l ) -e n -3 c r o l) .
Mass s p e c tra l d a ta  fo r c rude  5 g -c h o le s t-9 (ll) -e n -3 a -o 1
m /z m l  z Ion  type 0 .0
422 [M + ,- C £ 37] 1 .7
420 [M + ,-C £ 35] 4 .9
405 [M + , -C £ 35-C H 3*] 1 .8
403 [M +‘ -C £ 35- H 20 ] 1 .6
386 [M ]+* 58 .9
384 [M ]+* (d iene) 20 .8
371 [3 8 6 -C H 3‘ ] 2 0 .7
369 [3 8 4 -C H 3*] 16.0
368 [3 8 6 -H 20 ] 6 .0
366 [3 8 4 -H 20 ] 3 .9
353 [3 8 6 -H 20 -C H 3 #] 39 .1
351 [3 8 4 -H 20 -C H 3 *] 10 .4
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Exp e rim e n ta l S ec tion  -  4 .1 .3
P r e p a r a t io n  o f  3 - p y r id y lm e th y l  3 g -a c e to x y -5 g -c h o la n -2 4 -o a te
3 a -H y d ro x y -5 $ -c h o la n -2 4 -o ic  acid (lithocholic  acid) (1 1 .1 5 g ,  
29.65 mmol) was d isso lved  in  d ry  re d is tilled  p y rid in e  (25 ml) and acetic  
a n h y d rid e  (5 0  m l). T h e  reaction  m ixture was heated u n d er gentle  
re f lu x  fo r  lh .  T h e  so lvents were removed under reduced p ressu re  
to y ie ld  a b ro w n  o il. W ithout any fu r th e r  p u rifica tio n  at th is  s tage , 
the c ru d e  m a te ria l was dissolved in  MeCN (200 m l), SOCil^ (20 ml,
276 .4  mmol) was added  dropw ise, and the reaction m ix tu re  re flu x e d  
fo r 45 m in . T h e  so lvents were removed under reduced p re s s u re , and  
the acid  c h lo rid e  was .^ndcf w ith  CH^CN then the res id u a l CH^CN  
rem oved u n d e r  red u ced  p re s s u re . CH^CN (200 ml) was added to g e th er  
w ith  3 -p y r id y lc a rb in o l (5 m l, 51 mmol). The reaction  m ix tu re  was 
heated  u n d e r  r e f lu x  fo r 20 m in. The solvents were rem oved u n d er  
red u ced  p re s s u re  to y ie ld  a d a rk  o il. Th is  was dissolved in  Et^O and  
f i lte re d  th ro u g h  a s h o rt silica column. The p ro d u ct even tu a lly  
c ry s ta llis e d , a f te r  some d if f ic u lty , from MeOH, m .p . 9 6 -99°C . M icro ­
analys is  ( C . H . N . ) ;  Found: C , 75.42; H , 9 .19 ; N , 2 .5 4 .
C 32H 47N 0 4 re q u ire s  C , 75 .40 ; H , 9 .29 ; N , 2.75%. Y ie ld  A O X
Mass sp ectru m  of 3 -p y r id y lm e th y l 3g -acetoxy-5g -cho lan -24 -oa te
m /z Ion  type 00
509 [M ]+‘ 5 .7
494 [m + ,- c h 3’ ] 4 .1
449 [M +* -A cO H ] 4 .2
434 [M + , -A cO H -C H 4 ‘ ] 7 .3
358 [M + ,-p y r  C H 2OCO] 19.3
220 10.1
215 t C !6 H 23] ++
15.1
164 C H 2C H 2C 0 2C H 2 p y r 18.1
109 12.6
108 [p y r  C H 20 ] 17.6
107
+
14.4
92 C H 2 p y r 81.2
91 23 .4
43 [C H 3CO] + 100
13
P . E .P .T .  C NMR of 3—p y rid y lm e th y l 3a -ace to xy -58 -ch o lan -24 -o a te  
C 32H 47 contains 11 x  C H > 12 x  C H 2 , 4 x  C H 3 and 5 x  - C -
S ignal
(ppm ) G roup
173.39 C = 0 , C -2 4
170.53 C = 0 , acetate
149.36 C (a )
149.23 C (b )
136.12 C (d )
131.77 C (e )
123.41 C (c )
74 .28 C H , C -3
63 .36 C H 2-O A r
56 .36 C H , C -1 4
55 .84 C H , C -1 7
42 .62 C , C -1 3
41 .77 C H , C -5
40.28 C H , C -9
40 .02 C H 2
35.66 C H , C -8
35.20 C H , C -2 0
34.92 c h 2
34.47 C , C -1 0
32.13 C H 2
31.04 c h 2
Signal
(ppm) Group
30.82
C H 2
28.09 C H 2
26.91 C H 2
26.52 c h 2
26.21 c h 2
24.06 c h 2
23.24 C H 3 , C -19
21.39 CH^, acetate
20.72 c h 2
18.14 C H 3 , C -21
11.93 C H 3 , C -18
77
A c O
185
I n f r a r e d  s p e c t r o m e t r ic  d a ta  f o r  3 - p y r id y lm e th y l  3 g -a c e to x y -5 B -c h o la n -  
2 4 -o a te
( C H C £ ^  so lu tion )
B and  observed  
(cm - -*-) Group
2945 (s ) v(C-H)
2870 (s )
1729 (s ) v (C = 0 ) ester
1598 (w ) 
1580 (w )
aromatic
1468 (m) 
1450 (m)
(C-H) d ef.
1382 (m)
1364 (m)
1254 (s ) v(C-O)
1029 (m)
max
X 259 nmmax
X 254 nmmax
£ 1630max
£ 2200max
£ 2030max
186
200 MHz l H NMR of 3 -pyridy lm ethy l 3a-acetoxy-5g-cho lan -24-oate
(C D C £ ^ ) 6 8 .6 0  (1 H , b s , H a ) , 8 .55 (1H , b d , J = 5 H z , H b ) , 7 .7 0 ,
(1 H , b d , J = 9 H z , H d ) ,  7 .30  (1 H , bd of d , J = 9 Hz and 5H z, H e ) ,  
5 .10  ( 2 H , s , O C H 2- A r ) ,  4 .70  (1 H , m, 3 0 - H ) , 2 .32 (3 H , m ) , 2 .02  
(3 H , s , C H 3C 0 2- ) ,  0 .8 9  (3 H , s , C -1 9 , C H 3) , 0 .59 (3 H , s , 0 1 8 ,  C H 3) .
9Hz
Ha
E x p e rim e n ta l Section -  4 .1 .4
3 -P y r id y lm e th y l 3c race toxy -5g -ch o lan -24 -o a te  w ith  P h IC & 2 /hV
T o  a so lu tion  of 3 -p y rid y lm eth y l 3a -aceto xy -5 |3 -ch o lan -24-
oate (216  m g, 0 .4 2  mmol) in  deoxygenated C H 2C £ 2 (40 ml) was added
P h IC & 2 (408 m g, 1 .48  mmol) in  C H 2C&2 (4 m l). The solution was
ir ra d ia te d  a t 2 0 -2 5 °C  fo r 45 m in. The solvent was rem oved u n d er
O V -1
red u ced  p re s s u re  to y ie ld  a brow n oil (332 m g). GLC gave 1 .270° ” 
4020 (3 -p y r id y lm e th y l 3a -ace to xy -50 -ch o lan -24 -o a te ) and L 270° ~ 3^80 
(u n k n o w n ) . 1 :1  ra tio  b y  GLC
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S a p o n ific a tio n /d e h y d ro c h lo rin a tio n  of products from Breslow reactions
T h e  c ru d e  oil (200 mg) in  1 ,4 -d ioxan  (20 ml) was tre a te d  w ith  
10% K O H (3  m l) in  MeOH u n d er re flu x  fo r lh .  Solvents were rem oved  
u n d e r re d u c e d  p re s s u re , then  the m ixture was n eu tra lised . T h e  
m ix tu re  was e x tra c te d  w ith  E tO A c, the extracts  were d ried  and so lvent 
rem oved . W ith o u t p u r if ic a tio n , the m aterial was m ethylated e ith e r b y  
H C £ /M e O H  o r b y  C H ^N ^, then  acetylated using A c / p y r i d i n e .
E x p e rim e n ta l Section  -  4 .1 .5
Iso m erisa tio n  of 5q -c h o le s t-8 ( 1 4 )-e n -3 3 ~ y l benzoate
5 o rC h o le s t-8 ( 1 4 )-e n -3 f3 -y l benzoate (9  mg) in  C H C £^ (3  ml) 
was tre a te d  w ith  excess d ry  H C £ fo r 2h. A fte r  th is time the so lvent 
was rem oved  u n d e r  a N 2 stream and the m ixture dissolved in  E t20  and  
n e u tra lis e d  w ith  N aHCO ^ (a q ) .  The m ixture was then e x tra c te d  w ith  
E t20 .  A  p o rtio n  of the  m ateria l (200 ng) in  EtOH (0 .4  ml) was tre a te d  
w ith  10% K O H  (0 .1 5  ml) in  MeOH w ith  heating at 80°C fo r 2h. T h e  
so lvents  w e re  rem oved  u n d er reduced pressure  and the m ixtu re  
e x tra c te d  w ith  E tO A c . The  extrac ts  were d rie d , and evaporated  to 
d ry n e s s , and  a p o rtio n  of th is  m aterial was trea ted  w ith  B S T F A  fo r  
30 min w ith  h e a tin g  a t 80°C . C ap illa ry  GLC ind icated  a 2 .8 .1 .0  
m ix tu re  in  fa v o u r  of 5a -cho lest-*14 -en -3$- y l TMS e th e r.
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T re a tm e n t  o f  5 g - c h o le s t - 1 4 - e n - 3 g - y l  b e n z o a te /5 g -c h o le s t~ 8 (  14) - e n -  
3 3 - y l  b e n z o a te  w i t h  Q sQ ^
To a so lu tion  of the m ixture of benzoates (8 .6  mg) in  
p y r id in e  (0 .5  ml) was added OsO^ (5 ml, 2 .5  m g/m l) in  p y r id in e  
(3  e q u iv . ) .  T h e  reac tio n  m ixture was s tirre d  at R T  fo r 3 days.
T h e  osmate e s te rs  w ere  reduced  using saturated  N a2S20^  solution to 
give a b la c k  so lu tio n . The  p y rid in e  was removed u nder reduced  
p re s s u re  and th e  m ix tu re  ex trac ted  w ith  EtOAc. The ex trac ts  were  
d rie d  and on rem oval o f the solvent gave an oil (9 .4  m g ). A p o rtio n  
of th is  m a te ria l (200 ng) in  EtOH (0 .2  ml) was trea ted  w ith  10% KOH  
( 0 .1  m l) in  M eOH a t 80°C fo r lh .  A fte r  w o rk -u p , the crude m ateria l 
was tre a te d  w ith  B S T F A  at 80°C fo r 30 min.
A  s im ilar p ro ced u re  was used for the reaction of 5a -ch o les t-  
8 (1 4 ) -e n -3 g -o l  w ith  OsO^.
189
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I g k leJL 5_- Gg-M S (E J) of com ponent I° 2^ ~o = 3880 (scan  510)
m /z Ion  type
1
O0
507 m ] + ' 90
492 [M + ,-C H 3‘ ] 19
447 [M + ‘ -A cO H ] 10
432 [M + , -A cO H -C H 3‘ ] 69
355 [M +* -A c O H -p y r C H ^ ] 29
284 [M + '-1 1 4 ( r D A  rin g  A ) -p y r  C H 2OH] 13
255 [M + ‘ -A cO H -s id e -ch a in ] 
[ * C H 7C H -C -0 -C H 7-p y r  H +]
47
165 16
164
9  +
[C H 2= C H C -0 -C H 2-p y r  H ] 15
151 [ C H - - C - 0 - C H ?-  p y r  H +] 100
107
i  0  c
[ H ^ ^ ^ p y r ] * ' 87
93 [ *C H 2p y r  H ] 
+
94
92 [C H 2-p y r ] 97
193
••
o
in
ay
r—I O
Table 56 . GC-MS (E l) of component I° 2 y0o = 4020 (scan  574)
Id e n t if ie d  as 3 -p y rid y lm e th y l 3a-acetoxy-5B -cholan-24-oate
m /z Ion type 00
509 [M ]+* 25
494 [M + ' _C H 3’ ] 6
449 [M +‘ -A cO H ] 26
434 [M +* -A cO H -C H 3'] 27
429 21
355 30
341 [M +* -A cO H -108] 5
290 [M +‘ -219] 17
281 25
234 38
230 [M + > -A cO H -219] 6
220 [C i3 H i 8N0 2] + 90
215 [C 16H 23]
20
193 (side chain + H) 
+
7
164 C 20^22 c leava§e ’ C H 2C H 2C 0 2C H 2pyr 100
151 [C H 2C 0 2C H 2py?H] 3
147 [ C n H i 5] +
49
121 [ c 9h 13] + 
0  +
18
107 [p y r -C  ] 
H
80
93 [C H 2p y r +H]
+
96
92 C H ^pyr
97
195
AcO - 219
O
■\
- 92
 - 108
- 233
O X
V
m/z 220 N
+ l
+ l
m/z 151
H
H
BR
ES
3 
57
4 
R
fiD
JC
R
L 
R
N
S
Cf
iL
.'S
M
W
 
S
T
B
lE
.
196
BR
ES
1 
29
1 
HY
DR
O
LY
SE
D 
B
R
ES
LO
W
CR
LIS
M
ftr
 
ST
BI
E*
 
I6
1
S6
197
57. M ixed m ass spectrum  of components from Breslow reac tio n  on
3 -p y r id y lm e th y l 3g -acetoxy-5g -cho lan -24-oate
m /z Ion  type 00
543 [M ]+ ,C £35 0.6
509 [M] +‘ 3 .4
507 [M + ‘ -H C  I ] 14.2
494 [M + , -C H 3i ] 1.8
492 [M + *C £ 35- H C j l - , C H 3] 2.6
449 [M +‘ -A cO H ] 6 .7
447 [M + < C it35-H C  il-AcO H] 5 .8
434 [M +* -A cO H -C H 3‘ ] 5 .1
432 [M + ,C £ 35-H C £ -A c O H -C H 3’ ] 13.0
355 6 .3
341 [M +‘ -A cO H -108] 1.6
339 [M +’ C £ 35-A cO H -108] 2 .3
315 [M + *C £ 35-HC Jl-side chain] 2 .7
255 [C 19H 27] 16.1
220 t C 13H 8N° 2 ] +
15.1
215 [C 16H 23]
5 .9
193 [s ide-chain  + H]
6 .1
161 (see Tabl® 55)
41.5
151 [CH3C02CH2 pyr]+*
57 .4
147 [C u H i 5] +
11.5
145
11.2
199
T able 57. ( c o n td . )
m /z Ion type o0
133 10.2
121 [ c 9H i 3] 10.9
119 13.9
109 20.2
108 (see assignment) 45.7
107 20.4
105 24 .1
93 100
m/z 108
T able 58 . GC-MS (E l) of component I° 2^ q J  = 3105 (scan  291)
m /z Ion type o0
430 [M ]+> 2
415 [M + ,-C H 3<] 11
370 [M +* -A cO H ] 12
355 [M +' - A cO H -C H 3] 68
341 5
339 [M +‘ -AcOH-MeO * ] 7
323 5
315 [M +‘ -s id e -ch a in ] 41
283 [M +* -side-chciin-M eOH] 24
255 t C 16H 231 +
100
207 26
201
T ab Ie  - ? -■ GC MS (E l )  o f component = 3190 (tw o peaks h v
c a p illa ry  G LC ) (scan 312)
m /z Ion type 0.0
430 [M ]+‘ 1
415 [ m +‘ - c h 3*] 3
370 [M + '-A cO H ] 13
355 [M + , -A cO H -C H 3‘ ] 15
343 1
339 [M +* -A cO H -M eO ' ] 4
315 [M +‘ -s ide-cha in ] 19
283 [M +‘ -s ide-chain -M eO H ] 8
255 [C i9 H 27] 100
215 [C 16H 23]
4
207 14
147 [C h h i 5] + 14
do
m/z 147
B
R
ES
1 
31
2 
HY
DR
OL
YS
ED
 
BR
ES
LO
W
Cf
iL
lS
M
RY
 
ST
fi
sE
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202
203
CM
CM
CO
CO
UJ
QC
oa
SI•«
07»*<
CO
(VI
CO
ca
in
UJ
ro
108
204
T ab le  60 . GC-MS (E l) of com ponent J^iSO® = (scan  322)
+ .
[M ] -  432, m ethyl 3 a -a c e to x y -5 $ -c h o la n -2 4 -o a te
m /z Ion  typ e O*0
372 [M + ‘ -A cO H ] 100
357 [M + ‘ - A c O H - C H 3 * ] 15
341 [M + ‘ -A c O H -M e O ' ] 2
318 [M + * -A c O H -rD A  r in g  A ] 7
257 [M + ‘ -A c O H -s id e -c h a in ] 34
230 [M + * -A c O H -1 4 2 ] 40
215 [ C 16H 23-1 91
201 [ C 15H 21] + 10
107 30
A c O
O C H ,  
- f l 5
- 1 4 2
- 1 5 6
m/z 201
m/z 230
T a b le  61. G C -M S of p ro d u cts  from reaction  of 5 g -c h o le s t-1 4 -e n -3 B -o l
TMS e th e r/5 g ,-c h o le s t-8 ( 14)-en-3(3~ol TMS e th e r w ith  O sQ  ^
Scan 219 = u n reac ted  5a -ch o les t-8 ( 1 4 ) -e n -3 3 - ol TMS e th e r
m /z Ion  typ e 00
458 [M ] +‘ 100
443 [ m + , - c h 3] 45
368 [M +# -T M S O H ] 17
353 [ m + ,- t m s o h - c h 3 *] 35
345 [M +-s id e -c h a in ] 10
255 [M + * -s id e -c h a in -T M S O H ] 37
229 [ C i7 H 25] + 58
213 [ C 16H 21] + 50
147 [ C 11H 15] + 50
107 [ c 8h u ] + 90
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T a b le  62. G C -M S  of 5 a -ch o les tan -36 , 14g, 1 5 g -tr io l-3 , 15-d i-TM S  e th e r  
(scan  273) [ M ] +* = 564
ra/z_ Ion type ao
549 [M ; . -C H 3*] 2
474 [M +* -TM SO H] 1
361 [M + ‘ -TM S O H -side chain] 3
322 [M + * -242] 62
304 [M +>-242-18] 2
281 [ C 8H i 7] + 5
241 [M +* -323] 100
5 t m sOH
TMSO M-242
ion m/z 322
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T a b le  6 3 . G C -M S of 5g -cho lestan -33~ol TMS e th er + im p u rity  (scan 222)
m /z m /z Io n  typ e o0
460 [ M ] + ’ 55
(456) [M 2] +- 31
445 [M 1 + - -C H 2 ,_] 82
(441) [ m 2+- - c h 3' ] 4
403 11
370 [ M .+'-T M S O H ] 28
355 [ m 1+ -- t m s o h - c h 3- ] 43
(351) [ m 2+’ - t m s o h - c h 3‘ ] 37
305 [M , + ’ - r in g  D - H ’ ] 40
215 [ C 16H 23] + 100
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T a b le  64. G C -M S of component having  ^ 6 0 °  = ^230 ( m ethyl 3 q -ace to xy -  
5 g -ch o lan -24 -o a te
(scan  76) [M ] + ' = 432
m l  z Io n  typ e a0
372 [M + * -A cO H ] 92
357 [M + * -A cO H -C H 3] 10
341 [M +> -A cO H -M eO ] 3
318 [M +*-A c O H -rD A  r in g  A ] 6
257 [M +* -A c O H -s id e -c h a in ] 41
230 [M +'-A c O H -1 1 2 ] 49
215 CC 16H 231 +
100
201 I C 15H 211 +
10
107 [ C 8H 11] +
51
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T a b le  6 5 . G C -M S of p ro d u cts  from reaction  of m ethyl 3 a -ace to xy -5 |3 -  
ch o len -24 -o a te  w ith  OsO^ + B S TFA  (scan 116)
m /z Io n  typ e 00
536 [ M ] +‘ 0 .2
518 [ m + ,- h 2o ] 1.3
503 [M + , - H 20 - C H 3 ‘ ] 1.0
487 0 .7
476 [M +* -A cO H ] 0 .3
461 [M + * -A cO H -M e* ] 0 .4
446 [M +* -T M S O H ] 3 .8
431 [M + , -T M S O H -C H 3 , j 1 .3
428 [ m + ,- t m s o h - h 2o ] 2 .3
421 [M + * -s id e -c h a in ] 0 .2
403 [M +* -s id e -c h a in -H 20 ] 4
368 [M + * -T M S O H -H 20 - A cO H] 6
366 4
331. [M +* -s id e -c h a in -T M S O H ] 9
299 O 6
292 [M + *-244 18
274 3
272
m/z 243
(\i 7
243
S  +
[M + * -293 ] ° 100
232 [292 -A cO H ] *  ' 30
154 27
153
121
+ [ | O C
[ c qh 1, o 7] +* V  
9 13 2 \  m/ z 153
:h3
29
52
214
00 c\I
d?
CM
00.
un
m
<Q +Jrrf r \
^  lU 
O £
O  CD
> ■
T ab le  6 6 . GC-MS (El) of unknow n methyl 3 g -a c e to x y -5  3-cho len -24 -oa te
a fte r  reactio n  w ith  O sO  ^ and B S TFA
Scan 52 = 1^260^ = ~ p ro b a b ly  m ethyl 3 a -a c e to x y -5 3 "
c h o l~ 8 (1 4 )-e n -2 4 -o a te
m /z Ion  typ e
o”o
430 [ M ] +* 11
415 [m + ,- c h 3*] 11
370 [M + , -A cO H ] 16
355 [M +* -A cO H -C H 3] 69
315 [M +* -s id e -c h a in ] 69
283 [M +* -s id e -c h a in -M e O H ] 37
255 [ C 19H 2?] + [M +‘ -A c O H -s id e -c h a in ] 100
SR
MP
1C
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T able  67. GLC re te n t io n  da ta
Compound To v - i  
-  260°
m eth y l 5 3~cho lan -24-oate 2890
m eth y l 3 a -h y d ro x y -5  3- cho lan -24-oate 3125
m eth y l 3o race to xy -5 3~ ch o lan -24 -o a te 3230
m eth y l 3a, 7 a -d ih y d ro x y -5 3 - cho lan -24-oate 3325
m eth y l 3a~aceto xy , 7 a -h y d ro x y -5 3 - ch o lan -24-o ate 3440
m eth y l 3a, 7 a -d ia ce to xy -5 3~ ch o lan -24 -o a te 3380
m eth y l 3a, 1 2 a -d ih y d ro x y -5 3 ~ c h o la n -2 4 -o a te 3290
m eth y l 3 a -a c e to x y , 1 2 a -h y d ro x y -5 3 - cho lan -24-oate 3245
m eth y l 3a, 1 2 a -d ia c e to x y -5 3 - cho lan -24-oate 3330
m eth y l 3a, 1 2 a -d ih y d ro x y -5 3 _ch o l-8 ( 1 4 )-e n -2 4 -o a te 3280
m eth y l 3a, 12a- d ia c e to x y -5 3 _ch o l-8 ( 1 4 )-e n -2 4 -o a te 3290
Colum n: 6 f t  1% O V -1  at 260°
C a r r ie r  g a s : ^  at 30 m l/m in .
A I
3 H  >  3a-O H  + 235
3crO H ----- ^  3a-O Ac + 105
in  p resence  o f 7a-O H  + 1 1 5
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T a b le  68a . 200 MHz H NMR of c h lo r in a te d /u n s u b s titu te d  m ethyl 3g-
a c e to xy -53 ~ ch o lan -24 -o a te  from Breslow  re a c tio n ^ ^
(C D C £ ^ ) • <5 8. 60 ( b , Ha + H b ) , 7. 66 (b d , J = 9 H z , H d ) , 7. 28 (b m , H e ) ,
5 .1 0  (b s , C H 2O A r ) ,  4 .69  (m , 3 8 -H ) ,  1 .997 (s , C H 3C O - ) , 1 .992 (s ,
c h 3c o - )  .
13
T a b le  6 8 b . C D EPT NMR of c h lo r in a te d /u n s u b s titu te d  m ethyl 3g- 
a c e to x y -5  8~cholan -24-oate
G roup S ignal (ppm ) Group S ig n a l (p p m )
C -2 4 173.82 -C " ,  C (e ) b ro ad  131.61
173.49
173.41
1
- C - ,  C (c )  
1
b ro ad  123.44
173.29 l- c -
1
93.55
C = 0 , acetate 170.69
170.59
1
-c -
1
93. 37( w eak)
170.55 C H , C -3 74 .29
C (a )+ C (b ) 3 peaks  
u n reso lved
149.52
74 .17
3 peaks  
u n reso lved
C H , C (d ) 136.08
135.99
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Sec tion  5 : R esu l ts  -  Long Range F unctionalisa tion
5 .1  C rO -^,O x id a tio n  of 5 q -A n d ro s ta n -3 3 ~ y l A cetate  
5 .1 (a )  P rev io u s  W ork
42As re p o rte d  b y  L in z  and S c h a fe r, the  C rO ^ o x id a tio n  o f 
5 a -a n d ro s ta n -3 3 - y l acetate y ie ld ed  33- a c e to x y -5 a -a n d ro s t-1 4 -e n -1 6 -o n e  
in  68% y ie ld . I t  was attem pted  to re p e a t th is  reac tio n  on o th e r  
s u b s tra te s , such as 5o rch o les tan -33 - y l ace ta te , in  o rd e r to ascerta in  i f  
some d eg ree  o f sim ilar s e le c tiv ity  could be ach ieved  w ith  a s te ro id  
co n ta in in g  a side ch a in .
107S t . A n d re  et a l. have re p o rte d  th a t the  C rO ^ o x id a tio n  o f 
3 3 - a c e to x y -5 a , 63~d ib rom oandrostan -17 -one  (82 ) gave a 25% y ie ld  o f the  
1 4 o rh y d ro x y  d e r iv a tiv e  (8 3 ) .
O
82
AcO
B r
B r
OH
83
220
rp-i 108 7
T h e  same g roup  also re p o rte d  th a t C r 0 3 oxidation  o f 3 £ -a c e to x y -5 c r  
a n d ro s ta n  17 one (84 ) and 5a -androstane-3 f3> 17$-d io l d iaceta te  (8 5 ) gave  
p ro d u c ts  w h ich  do not contain  any oxygen  at the  C -1 4  p o s itio n .
H o w e v e r, p ro d u c ts  w ere id e n tif ie d  as 86 and 87 re s p e c tiv e ly .
6-ketone
J> +
5a-hydroxy 
86  
6-ketone  
+ 
5«-hydroxy 
87
109S ykes  and K e lly  re p o rte d  no oxidation  when 3 $ -a c e to x y -5 a ,6 $ -  
d ic h lo ro a n d ro s ta n - 17-one (88 ) was subjected  to the  C rO ^ o x id a tio n  
p ro c e d u re . P rev ious  successful oxidations have always been c a rr ie d
C
o u t b y  tre a tm e n t of th e  A -s te ro id  w ith  B r 3 *n AcOH p ro te c t the  
5 , 6 -p o s itio n  and th e n , w ith o u t iso la ting  the  d ib ro m id e , to ox id ise  i t  
u s in g  C r O y  T h u s , the  ox idation  has always been c a rr ie d  out in  the  
p resen ce  o f H B r . When a sample of the d ich loroketone (8 8 ) was
O
A cO
OAc
AcO
221
o x id ised  w ith  C r 0 3 to w hich H B r was added , a 20% y ie ld  o f the  
109
e x p e c te d  1 4 a -h y d ro x y -1 7 -k e to n e  was o b ta in ed . T h e re fo re , i t  is 
n e c e s s a ry  to have H B r p re s e n t in  the reac tio n  m ix tu re  in  o rd e r  to form  
th e  te r t ia r y  alcohol at C -1 4 .
O
AcO.
88
Cl
5 .1 (b )  P re s e n t W ork
42Few exp erim en ta l deta ils  w ere g iven  b y  L in z  and S ch afer
fo r  th e  C rO ^  oxid atio n  of 5 a -a n d ro s ta n -3 $ -y l ace ta te . T h e  re s e a rc h
was m on ito red  b y  us using  G LC . U sing 20 molar eq u iva len ts  of
p o w d ered  C rO ^  in C ^ C J ^ /A ^ O /A c O H  w ith  s t ir r in g  at R T . A f te r  30
14m in , 60 min and 120 m in, the  y ie ld s  of the A -1 6 -o n e  (89 ) w ere  8, 14 
and  20%, re s p e c tiv e ly . T h e  U V  active  enone (89 ) (A232 nm) was 
iso la ted  b y  p re p a ra t iv e  T L C  (T a b le  69) (see E xp erim en ta l section 5 .1 .1 ) .  
O th e r  unknow n p ro d u cts  w ere also p roduced  in  the C rO ^ o x id a tio n .
L in z  and S c h a fe r11  ^ have re p o rte d  data on an unknow n 3 3 -a c e to x y -5 o r  
a n d ro s ta n ~ x -o n e , ob ta ined  in  7% y ie ld . T h e  IR  spectrum  of th is  
com pound conta ined  two carb o n y l bands at 1755 cm and 1720 cm 
(e s te r  c a rb o n y l) . T h e  absorp tion  at 1755 cm 1 was p ro b a b ly  due to  
a 5 - r in g  k e to n e . T h e  300 MHz NMR revea le d  a o n e -p ro to n  q u a rte t  
a t 3 .4  ppm and a o n e -p ro to n  s in g le t at 3 .3  ppm .
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T a b le  70. C a p illa ry  GLC of p roducts  from  oxidation  of 5g -a n d ro s ta n -3 3 ~  
y l  acetate  w ith  C rO  ^ u n d er S ch afer's  conditions
(M e oxim e)
2363
2478
(2498)
(2508)
(2591 )
2738 -*■ 30
2364
2479
(2496)
(2510)
(2534)
(2550)
2588
2640
2706
Compound
S.
5 a - a n d r o s ta n -3 3 - y l  a c e ta te  ( ^ 2 1 ^ 3 4 ^ 2 ^
v e ry  sim ilar ( in  I  va lu e ) to 33 - ace to xy -  
5 a -a n d ro s ta n -ll~ o n e  (^ 21^ 32 ^ 3^
v e ry  m inor compounds -  no peaks ob served  
on GC-M S analysis
33- a c e to x y -5 a -a n d ro s ta n -l6 -o n e
^C 21H 32°3^
[ M ] +*=346 ( 33 - a c e to x y -d ik e to n e )
( C 2 i h 3o0 4)
3 3- a c e to x y -5 a -a n d ro s t-  1 4 -e n - 16-one  
( C 21H 3 0 ° 3 )
[M ] +> = 376 ( C 23H 360 4)
M ajor compounds
223
T ab le  71. C apilla ry  GLC data
Compound I
I
(Me oxim e)
3 3 - a c e to x y -5 o ra n d ro s ta n -1 7 -o n e 2584 —
91
- * 1 2655
33 - a c e to x y -5 a -a n d ro s ta n - ll-o n e 2484 -
33 - a c e to x y -5 a -a n d ro s ta n -1 2 -o n e 2589 — 2597
91Jr- 2677
3 3 - a c e to x y -5 a _a n d ro s ta n -l6 -o n e 2586 C
gg 2685
46
3 3 ~ a c e to x y - 5 a -a n d ro s ta n - 7-one 2540 — 2586
5 a -a n d ro s ta n - 15-one 2182*
2206^ — 4 2  2254
5 a -a n d ro s ta n - 17-one 2230 -
127
3 3 - a c e to x y -5 a -a n d ro s ta n e -7 ,1 7 -d io n e 2746 — —► 2873
* 1 4 3 -H   ^ 14a-H
A I 3 3 -H  ■> 33-O A c = 354
*
. ‘ . E xp ec ted  I  va lue  fo r 3 3 -a c e to x y -5 a -a n d ro s ta n -1 5 -o n e  = 2536 
n 1 1 1 1 " 1 1 1 " = 2560^
va lues  fo r  33 acetoxy 5g a n d ro s ta n -x -o n e /3 3 -a c e to x y —5g- androstane
Colum n: CP
C a r r ie r :  He
In i t ia l  va lu e : 
In i t ia l  tim e:
L e v e l 1 
P ro g . ra te  
F in a l va lue  
F in a l tim e
A I i x
220 17
120 11
225 12
222 16
176 7
196 15 (143 -H )
172 15 (14a -H )
382 7 ,1 7 -d i
2 °C /m in  
260 °C  
15 min
S il 5C B , 25m x  0 .3 1  ID ,  0 .1 3  \im  
3 m l/m in , 50 :1  s p lit , F ID
80°C  
2 min
L eve l 2
30°C /m in  P ro g , ra te  =
170°C F in a l va lue  =
1 min F in a l tim e =
225
A fte r  th e  exp erim en ta l deta ils  of the  CrC>3 ox id atio n  became 
kn o w n  to us the  reac tio n  was rep ea ted  u n d e r S ch a fe r's  conditions  
(see E x p e rim e n ta l section 5 .1 .2 ) .  C a p illa ry  GLC rev e a le d  the  A 14- 16- 
one (8 9 ) to  be form ed in  ca. 40% y ie ld  (T ab les  70 and 7 1 ). T h e  reac tio n  
m ix tu re  was sub jected  to GC-M S u n d e r C l and E l cond itions.
F ig u re  20 shows the T IC  fo r  C l G C -M S . Scan 299 
(I_ = 2479, had s im ilar re te n tio n  in d e x  to 33- a c e to x y -5 a -a n d ro s ta n - l l -  
one (I_ = 2484) and G C-M S (C l)  revea le d  the [M + l]  q uas i-m o lecu lar ion  
to  be 333 amu (Scan 378, F ig u re  22) thus co rrespond ing  to a m onoketone. 
E l G C -M S  (T a b le  73 and F ig u re  23) also confirm ed th is . H o w ever, the  
mass spectrum  was com pletely d if fe re n t from  the 33- a c e to x y -5 a -a n d ro s ta n -  
11-o n e^ 44, s ta n d a rd  and d id  not match any o f the  s tan d ard s  
ava ila b le  to  us (1 7 - ,  1 1 -, 1 2 -, 1 6 -, 7 - ,  o r 1 5 -k e to n e s ). D jerassa et 
a l . 44  ^ h ave  re c o rd e d  the mass spectrum  of 5a -a n d ro s ta n -1 5 -o n e  (9 0 ) and  
shown th e  base peak  to be 97 amu (9 1 ) .  O th e r s tro n g  ions ob served  
w ere  151 amu (92 ) and 109 amu (93 )
m/z 97 
m/z 109
93
92
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A lth o u g h  m /z  97 and 197 are  s tro n g  fo r component I_ = 2479, 
no ion a t 151 m /z  was o b served . T h e re fo re , i t  seems th a t th is  3 $ -  
a c e to x y -5a -a n d ro s ta n -x -o n e  is no t the 15-ketone ( 14a-H  or 1 4 £ -H ) ,  n o r  
does th e  re te n tio n  va lue  f i t  fo r th is  com pound. T h e  re te n tio n  va lue  fo r  
th is  u n kn o w n  k e to n e , I_ = 2479, suggests th a t th e  ketone is  s te r ic a lly  
h in d e re d . T h e  most h in d e re d  secondary position  in  the s te ro id  nucleus  
is  th e  11 -p o s itio n .
A n o th e r m inor u n id e n tif ie d  3 £ -a c e to x y -5 a -a n d ro s ta n -o n e  was 
p ro d u c e d  (Scan 406, F ig u re  2 4 ). A g a in  the re te n tio n  in d e x , I_ = 2510, 
and  mass spectrum  (T a b le  74 and F ig u re  25) d id  not match w ith  a n y  o f 
th e  know n  s ta n d a rd  ketones (F ig u re s  26 to 33 and Tab les 75 to 82 in  
A p p e n d ix ) .
G C -M S (C l)  scan 459 (F ig u re  34) was a ttr ib u te d  to 3 $ -a c e to x y -  
5 a -a n d ro s ta n - l6 -o n e . C a p illa ry  GLC gave the re te n tio n  in d e x  I_ = 2588 
w h ich  was in  good agreem ent w ith  s ta n d a rd  33 - a c e to x y -5 a -a n d ro s ta n -  
16-one ( I  = 2586 ). T h e  mass spectrum  of I_ = 2588 (T a b le  83 and F ig u re  
35) was also id e n tic a l to th a t o f th e  s ta n d a rd  16-ketone (T a b le  76 and  
F ig u re  2 7 ) .  T h is  component of the reac tio n  m ix tu re  was the  second  
m ajor compound p ro d u ced  in  the C rO ^ oxid atio n  o f 5 a -a n d ro s ta n -3 3 - y l  
a c e ta te .
As m entioned e a r lie r ,  L in z  and S ch afer iso la ted  an u n id e n tif ie d  
3 3 -a c e to x y -5 a -a n d ro s ta n o n e  in  4% y ie ld  (G LC  y ie ld  7%), b u t  the  mass 
spectru m  re p o r te d 110 was com pletely d if fe re n t  to th a t o f o u r 33- a c e to x y -  
5a -a n d ro s ta n - 16-one (T a b le  76 and F ig u re  2 7 ). H o w ever, th e re  w ere  
some s im ila rities  in  mass sp ectra  betw een L in z  and S ch a fe r's  unknow n  
k e to n e 110 and o ur ke to n e , I  = 2479 (T a b le  76 and F ig u re  2 6 ).
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GC MS (C l )  Scan 493 (F ig u re  36) gave the [M + l]  ion at m /z  
347, and  E l G C-M S fu r th e r  agreed  w ith  th is  (T a b le  84 and F ig u re  3 7 ).
I t  was th o u g h t th a t th is  com ponent, I_ = 2640, was a d ike tone  since on 
m ethoxim ation A I in creased  b y  121 and 115 u n its  (c f .  A I fo r m eth o x i-  
m ation o f 3 3 " a c e to x y -5 a -a n d ro s ta n e -7 ,1 7 -d ie n e  = 127 ). T h e  fra g m e n t­
a tion  p a t te rn  o f th is  d iketone (T a b le  84 and F ig u re  37) rev e a le d  an  
ion  a t 274 amu [M * -7 2 ] w hich may be due to cleavage th ro u g h  [r in g  D -  
2 4 ' ] ,  i f  b o th  ketones w ere located in  r in g  D . T h e  A I fo r  th is  ke tone  
w ith  re s p e c t to 5 a -a n d ro s ta n -3 3 ~ y l acetate is 276 (c f .  A I 33 ~ a c e to x y -5 c r  
a n d ro s ta n -7 ,1 7 -d ie n e  = 382)? su g g estin g  th a t one o f the  ke tone groups is 
s te r ic a lly  h in d e re d , b u t not an 11 -ketone as i t  g ives a d im ethoxim e.
T h e  major p ro d u c t from  the C rO ^ o x id a tio n  was 33- a c e to x y -  
5 a -a n d ro s t -1 4 -e n - l6 -o n e  (Scan 547) ( I  = 2706 ). T h is  was id e n tif ie d  b y  
C l and  E l mass sp ectra  (F ig u re s  38 and 39, T ab le  8 5 ).
T h e  m inor p ro d u c t (Scan 572) (F ig u re  40) on G C-M S (E l)  gave  
a m olecu lar io n , 378 amu (T a b le  86, F ig u re  4 1 ) , w h ich  corresponds to  
th e  ad d itio n  o f 60 amu (C H 2C O 2H ) to the s ta r t in g  m ateria l 5 a -a n d ro s ta n -  
3 3 -y l  ac e ta te .
In  sum m ary, C rO ^ oxidation  o f 5 a -a n d ro s ta n -3 3 ~ y l acetate  
p ro d u c e s , as a lre a d y  re p o rte d  b y  L in z  and S c h a fe r, 3 3 ~ a c e to x y -5 a -  
a n d ro s t-  1 4 -e n - 16-one as the major p ro d u c t, to g e th e r w ith  3 3 -a c e to x y -  
5a -a n d ro s ta n -1 6 -o n e  and an , as y e t ,  u n id e n tif ie d  3 3 -a c e to x y -5 a -a n d ro s -  
ta n o n e . M ajor o x idation  is being  d ire c te d  in to  r in g  D w ith  fo rm ation  o f 
th e  A 14-1 6 -o n e . R ing  D in  5 a -a n d ro s ta n -3 3 " y l acetate is s lig h tly  
s tra in e d , and ox id atio n  to a 16-ketone w ould re lie v e  s te ric  s tra in  v ia  
o pen ing  bond angles from 1 0 9 .5 °  to 120°. T h e  C -1 6  position  must be
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m ore accessible to the ox id is ing  species (ch rom yl a c e ta te ). T h e  G if
system  is also able to oxid ise the C -15  and C -1 6  positions in  s te ro id s . ^
T h e  C rO ^  o x id a tio n  in tro d u c e d  b y  L in z  and S c h a f e r i s  an im p o rtan t
o n e -s te p  p ro c e d u re  fo r the in tro d u c tio n  o f the  A 14-1 6 -k e to n e  fu n c tio n a lity
in to  th e  s a tu ra te d  5 a -a n d ro s ta n -3 3 -y l aceta te .
39W iberg  has suggested  th a t the mechanism fo r  the  C rO ^
o x id a tio n  o f h yd ro carb o n s  invo lves  h yd ro g en  atom a b s trac tio n  from
t e r t ia r y  C -H  positions as the  f ir s t  s tep . No 5 a -a n d ro s t-1 4 -e n -3 3 ~ y l
ace ta te  was d e tec ted  in  the reactio n  p ro d u c ts . T h e re fo re , a mechanism
14im p ly in g  in it ia l form ation  o f the A -d o u b le  bond w h ich , on a lly lic
14o x id a tio n , w ould  g ive the  A -1 6 -k e to n e , is not th o u g h t lik e ly  to  o ccu r. 
Since th e  s a tu ra te d  16-ketone was id e n tif ie d  as a major p ro d u c t, i t  is 
l ik e ly  th a t  o x id a tio n  is d ire c te d  in to  the C -16  m ethylene g ro u p . T h e  
m echanism  b y  w h ich  th is  occurs is s till u n c le a r.
E x p e rim e n ta l Section -  5 .1 .1
C r O  ^ o x id a tio n  of 5a -a n d ro s ta n -3 g -y l acetate
To  a so lu tion  of 5a -a n d ro s ta n -3 3~yl acetate  (1 5 .5  mg, 0 .048  
mmol) in  C H 2C £ 2 (0 .3 5  m l), AcOH (0 .1 2  ml) and A c 20  (0 .1 2  ml) was 
ad d ed  p o w d ered  CrC>3 (94  m g, 0 .9 4  mmol) w ith  s t ir r in g  a t R T . A liq u o ts  
(1  m g) w ere  rem oved at 30 m in, 60 min and 120 m in , and th e  reac tio n  
q u en ch ed  w ith  sodium m etab isu lph ite  so lu tion , then  e x tra c te d  w ith  
E tO A c . T h e  e x tra c ts  w ere d rie d  and f ilte re d  th ro u g h  C e lite  fo r  GLC  
a n a ly s is .
T a b le  69. Mass spectrum  of 3 B -a c e to x y -5 a -a n d ro s t-1 4 -e n - 16-one  
(C 21H 30 3) (330)
m /z Io n  typ e o0
330 [M ] +* 8 .0
315 [m + , - c h 3 ‘ ] 1 .4
302 [M + * -C O ] 4 .9
288 [M + # -4 2 ] 0 .8
270 [M + ,-A c O H ] 36 .0
255 [M + , -A cO H -C H 3 *] 13 .7
216 [M + ‘ - r in g  A ] 5 .3
149 [ c n H i 7] + 6 1 .1
43 [C H 3C O ] + 100
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T ab le  72. Mass s p e c tr a l  d a ta  for com ponent I_ = 2364 (5 o r a n d r o s t a n - 3(3-
y l  aceta te ) (scan 148)
m /z Io n  typ e 0*0
258 [M + ‘ -A cO H ] 97
243 [M + , - A cO H -C H 3 *] 100
204 [M + ’ - r in g  A ] 80
189 [M +’ - r in g  A -C H ^ ’ ] 32
95 87
43 [ c h 3c o ] + 78
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T a b le  7 3 . Mass sp ec tra l data  fo r component I  = 2479; a 3B~acetoxy~  
5g -androstanone (scan 187)
m /z Io n  ty p e 0.0
332 [M ] +* 61
317 f—
i
£
+ i O tE u> 6
314 [M + , - H 20 ] 7
288 5
272 [M +* -A c O H ] 39
257 [M  + * -A cO H -C H 3 ' ] 27
239 19
218 [M +< - r in g  A ] 41
215 [ C 16H 23] ®
20
187 20
147 29
107 [ C 8H u 1 + 81
97 75
95 66
91 59
43 100
m/z 107
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T a b le  7 4 . Mass s p e c tra l data  fo r component I_ = 2510, a 3 8 -a c e to x y -5 g -  
androstanone (scan 202)
m /z Io n  typ e o0
332 [M ] + 17
317 [M + , -C H 3 ‘ ] 4
314 [M + ,- H 20 ] 3
272 [M + ‘ -A c O H ] 31
257 [M +* - A cO H -C H 3°] 37
217 [ C 16^25  ^+ or [M + , “ri n g A - H ' ] 15
161 [ C i2 H i 7] + 51
147 [ C h h i 5] + 18
112 [ c 7h 12° ] -  + 70
43 [C H 3C O ] + 100
m/z 217
m/z 147
ra/ z_ 
217 [ C 26H 25]
‘AcO m/z 112
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T ab le  83 . Mass s p e c t r a l  d a ta  for component w ith I = 2588, id e n tif ied  as
3 g -a c e to x y -5 g -a n d ro s ta n -1 6 -o n e  (scan  227)
m /z Io n  typ e 00
332 [ M ] +* 0 .8
317 [M +' - C H 3r 0 .4
314 s
+ 1 ffi O 0 .5
272 [M +‘ -A c O H ] 100
257 [M + , - A cO H -C H 3 *] 55
218 [M ‘ - r in g  A ] 100
203 [M + ‘ - r in g  A -C H ^ '] 36
189 20
162 20
147 [ C H ' H 15] +
24
133 21
122 [ c 8H u ° ] + - 38
108 [ c 8h i 2] + - 60
81 58
43 83
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T able  84. Mass s p e c t r a l  d a ta  for component I_ = 2640, a 33~ ace toxy -5a-
androstaned ione
m /z Io n  ty p e o0
346 [M ] + 1
328 [ m + , - h 2o ] 3
300 [M + * - C 0 - H 20 ] 1
286 [M + * -A c O H ] 7
274 [M + * ~72] 29
229 20
213 [M + * -7 2 -A c O H ] 31
187 11
161 10
133 19
121 40
107 o ii: 76
43 [C H 3C 0 2] + 100
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T able  85. Mass sp e c t r a l  d a ta  for component I = 2706, id e n t if ied  as
3 3 -a c e to x y -5 q -a n d ro s t-1 4 -e n -1 6 -o n e  (scan  272)
m /z Io n  ty p e 00
330 [M ] +* 7
315 [ m + , - c h 3 ‘ ] 2
302 [M + , -C O ] 6
270 [M + ‘ -A c O H ] 97
255 [M + , - A cO H -C H 3 , 1 46
242 [M + * -A c O H -C O ] 15
216 [M + * - r in g  A ] 21
163 C ~ f o > = 0  [ C u H 150 ]  +
V
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147 38
43 [C H 3C O ] + 100
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T ab le  8 6 . Mass s p e c tr a l  d a ta  for unknow n minor com ponent of scan  306
( C 23H 3 6 ° 4 )
m /z Io n  ty p e O*0
378 [M ] + . 1 .5
360 [ m + , - h 2o ] 1 .0
346 [M + * -M eO H ] 1 .6
318 [M + * -A c O H ] 3 .6
292 76
232 10
147 14
93 30
43 [C H 3C O ] + 100
252
E xp er im en ta l  Section  -  5 .1 .2
C r O -^  o x id a tio n  o f 5 g -a n d ro s ta n -3 g -y l acetate  u n d e r S ch a fe r's  conditions
To  a so lu tion  of 5 a -a n d ro s ta n -3 $ —yl acetate  (4 1 .5  m g, 0 .1 3  
mmol) in  C t^ C J ^  (1  ml)  and AcOH (0 .3  ml) ( 0 .3  m l) was added
p o w d ered  C rO ^  (8 2 .3  m g, 0 .8 2  m m ol). T h e  re a c tio n  m ix tu re  was 
s t ir r e d  a t R T  fo r  18h, th en  quenched w ith  sodium m etab isu lp h ite  and  
w o rk e d  up as in  section 5 . 1 . 1 .
5 . 2 C r O g O x id a tio n  of 5q -c h o le s ta n -3 3 ~ y l A ceta te
T h e  u tilis a tio n  of cho lestero l in  the  syn th es is  o f im p o rta n t
p h arm aceu tica l s te ro id s  is a d if f ic u lt  p ro cess . T h e  classic m ethod has
been  to ox id ise  th e  5 ,6 -d ib ro m id e  d e r iv a t iv e  o f c h o le s te ry l aceta te  w ith
5
chrom ic acid  to  g iv e , a fte r  re g e n e ra tin g  the  A -d o u b le  b o n d , 3(3“
57h y d ro x y -a n d ro s t -5 -e n -1 7 -o n e  in  7% o v e ra ll y ie ld . C h o les te ro l has 
also been  c o n v e rte d  to c h o l-5 -e n e -3 3 , 24 -d io l in  14% o v e ra ll y ie ld  b y  
o x id a tio n  o f 63 - ac e ta m id o -5 a -c h o le s ta n -3 3 “y l  acetate  (9 4 ) w ith  t r i f lu o r o -  
p e ro x y a c e tic  acid , th en  e lim ination  o f acetam ide and h y d ro ly s is  o f th e  3 -  
a c e ta te .
94A c O
NHAc
253
T h e  C rO ^ o x id a tio n , u n d e r S ch a fe r's  co n d itio n s , was a tte m p t­
ed on 5 o rc h o le s ta n -3 3 - y l acetate  to ascerta in  i f  o x id a tio n  w ould  be  
d ire c te d  in  r in g  D w ith  a s te ro id  conta in ing  a s id e -c h a in .
5 o rC h o le s ta n -3 3 - y l  acetate  was tre a te d  w ith  C rO ^ , u n d e r  
S c h a fe r 's  cond itions (see E xp erim en ta l section 5 .2 .1 )  and  the  p ro d u c ts  
w ere  id e n t if ie d  b y  com parison w ith  know n m ateria l u s ing  GLC and G C -  
M S . T a b le  87 shows the  p ro d u cts  form ed a fte r  25h re a c tio n  w ith  C rO ^ . 
C rO ^  s e le c tiv e ly  a ttacks  te r t ia r y  C -H  positions in  s t e r o i d s a n d  th e  
e x p e c te d  p ro d u c ts  from  5 o rch o les tan -33 - y l acetate  o x id a tio n  w ould  
in v o lv e  c leavage at these p o s itio n s . 3 3 ~ A c e to x y -5 a -a n d ro s ta n -1 7 -o n e  
(T a b le  89 and F ig u re  42) and 33- a c e to x y -5 a -p re g n a n -2 0 -o n e  (T a b le  90 
and  F ig u re  43) w ere  id e n tif ie d  b y  G C-M S and c a p illa ry  GLC (T a b le  8 7 ) . 
T h e  m ajor p ro d u c t (49% y ie ld  b y  G LC ) was u n re a c te d  5 a -c h o le s ta n -3 3 _ 
y l  aceta te  (T a b le  91 and F ig u re  4 4 ).
Com ponent I  = 3354 was id e n tif ie d  as 33~n o r - 5 q -c h o le s ta n -2 5 -
A c O ' 95
T h e  mass spectrum  (T a b le  92, Scan 10 and F ig u re  45) re v e a le d  a 
m olecular ion  at m /z  430. T h e  ev e n —elec tro n  ions at 317 and
257 c o rresp o n d  to losses of [C^H-j^O ] and C H ^ C C ^ H -tC  7H i 3° r ,  
re s p e c t iv e ly .
254
G C -M S fa ile d  to separate  m inor components I  = 3393 (2%) and  
I_ = 3400 (3% ). Tw o w eak m olecular ions w ere  o b served  at m /z  444 and  
m /z  442 w h ich  may be due to a ketone ( C ^ H ^ O ^  and u n s a tu ra te d  
keto n e  , re s p e c tiv e ly  (F ig u re  4 6 ). One of th e  com pounds,
I_ = 3393, h ad  a s im ilar re te n tio n  in d e x  to 3 8 ~ a c e to x y ~ 5 a -c h o le s ta n -7 -  
one U  = 3390) (T a b le  9 3 ).
T h e  m olecular ion at m /z  458 o f com ponent I  = 3430 im plies a 
d ik e to n e  ( C ^ H ^ O ^ ) .  T h e  A I fo r th is  compound com pared to 38“
a c e to x y -5 a -c h o le s ta n -7 -o n e  is on ly  40 u n its  h ig h e r , in d ic a tin g  one o f 
th e  ke to n e  g roups is h in d e re d  or form s p a r t  o f a h y d ro g e n  bonded  
8“d ik e to n e . No o x id a tio n  has ta k e n  place in  the  s te ro id  s id e -c h a in  as 
shown b y  loss o f th e  s id e -c h a in  [M + ‘ -1 1 3 ] in  the  mass spectrum  
(T a b le  94 and F ig u re  4 7 ). T h e re fo re  th e  two ketone  g roups are  
lo cated  in  th e  s te ro id  n u c leu s . T h is  is fu r th e r  con firm ed  b y  a r e t r o -  
D ie ls -A ld e r  process from  m !z _  285 to m/z_ 231 (Schem e 16)
=o
m/z 285 m/z 231
T h e  mass- spectrum  (T a b le  94 and F ig u re  47) has a s tro n g  peak  a t m /z  
290 [M -1 6 8 ] w h ich  may correspond  to an ion o f ty p e  96 £C i6 H 26°3^  
fo r  exam ple
m/z 290 
96
■ +
C 11H 20O  
M/Z 168
•T h e re fo re  a 7 ,1 5 -d ik e to n e  w ould account fo r  th e  fra g m e n ta tio n  p a tte rn  
o b s e rv e d  and th is  w ould also exp la in  the  s tro n g  ion  o b s e rv e d  a t m /z  
345 fo r  loss o f th e  s id e -c h a in  (Schem e 17)
O
AcO
SCHEM E "17
4 m/z 345
+
# c 8h 17
In  sum m ary, the  m ajor p ro d u c ts  from  o x id a tio n  of 5 o rch o les tan - 
3 3 -y l  acetate  u n d e r S ch afer's  conditions are  d e g ra d e d  s te ro id s  in  w hich  
o x id a tio n  has o c c u rre d  at te r t ia r y  s id e -c h a in  C -H  positions g iv in g  ris e  
to 3 3 - a c e to x y -5 a -a n d ro s ta n ~  17 -o n e , 3 3 -a c e to x y -5 a -p re g n a n -2 0 -o n e , and  
3 3 -a c e to x y -2 7  n o r - 5 q -c h o le s ta n -2 5 -o n e . No m ajor o x id a tio n  p ro d u c ts
256
w ere  o b s e rv e d  in  w hich r in g  D was s e lec tive ly  a ttacked  ( c f .  5a - 
a n d ro s ta n -3 3 _y l  ace ta te ) a lthough  a ketone (3% y ie ld  b y  G LC ) and a 
d ik e to n e  (5% y ie ld  b y  G LC ) w ere p roduced  th a t a re , as y e t ,  u n id e n ti­
f ie d .
E x p e rim e n ta l Section -  5 .2 .1
CrOg o x id a tio n  of 5 a -c h o le s ta n -3 3 _y l acetate
To a so lu tion  o f 5 a -c h o le s ta n -3 3 - y l acetate  (100 m g, 0 .2 3  mmol) 
in  C I^ C J ^  m l) , AC2O (0 .6  ml) and AcOH (0 .6  ml) was added  p o w d e r­
ed  C rO ^  (118 m g, 1 .18  m m ol). T h e  re a c tio n  m ix tu re  was s t ir re d  at 
R T  fo r  25h , quenched w ith  sodium m etab isu lp h ite  and e x tra c te d  as in  
E x p e rim e n ta l section 5 .1 .1 .
257
T ab le  87. C ap illa ry  GLC da ta  of p ro d u c ts  from 5o rcho lestan -3 |3 -y l
acetate  reac tio n  w ith  C rO ->
R e te n tio n  time 
min (%) I
Compound id e n tif ie d
11 .67 (6%) - 3 6- a c e to x y -5 c r  a n d ro s ta n - 17-one
14 .41  (12%) - 3f3- a c e to x y -5 a -p re g n a n -2 0 -o n e
22 .75  (49%) 3191 5 a -c h o le s ta n -3 $ -y l acetate  (C 2gHgQ 02)
24 .52 (2%) 3264 No MS
26 .78 (13%) 3554 3 3 -a c e to x y  2 7 -n o r-5 o rc h o le s ta n -2 5 -o n e
27 .75 (2%) 3393 1  [M ] + ' = 444 
L m ixed MS
J [M ] ’ = 44227 .95 (3%) 3400
28 .66 (5%) 3430 d ike to n e  [ M ] +< = 458 (*^29^46^4^
2 9 .1 4 (3%) -
30 .25 (3%) -
Colum n : C P - S il-5cb 25m x  0 .1 3  nm 0 .1 3  um
C a r r ie r : 3 m l/m in  He 50:1  in jec tio n
L e v e l 1: P ro g , ra te  -  3 0 °C /m in  L e v e l 2: P ro g , ra te  2 °C /m in
F in a l tem p . -  222°C  F in a l tem p . -  270°C
F in a l tim e -  1 min F in a l tim e -  10 m in
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T able  89. Mass s p e c t r a l  d a ta  for component 11.67 min. id e n t if ie d  as
113 1175 g -a n d ro s ta n -3 g -y l acetate '
m /z Io n  ty p e 00
332 [ M ] +* 10
317 [ m + ,- c h 3 * J 2
314 [M + * - H 20 ] 2
288 [M + , -C H 3C H O ] 8
272 [M + * -A c O H ] 98
257 [M + , - A cO H -C H 3] 25
218 [M + * -A c O H -r in g  A ( rD A ) 58
201 [ C i5 H 2 i]  + 36
147 [ C u H i 5] + 25
108 [ c 8h i 2] + - 66
43 [C H 3C O ] + 100
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T able  90 . Mass s p e c tra l  da ta  for com ponent 14.41 min. id e n t if ie d  as
1133 B ~ a c e to x y -5 a -p re g n a n -2 0 -o n e
m /z Io n  ty p e o0
360 [M ] + 10
345 [ m + , - c h 3 *] 1
342 [M + * - H 20 ] 9
327 [M + , - H 20 - C H 3 ] 0 .5
316 [M + , -C H 3C H O ] 2
300 [M + ‘ -A c O H ] 44
285 [M + , -A c O H -C H 3 t ] 23
257 [M + ,- A cO H -C H 3C O ] 8
246 [M + * -A c O H -rD A  r in g  A ] 11
215 t C 16H 23] 49
107 [C 8H 11] + 39
84 49
43 [C H 3C O ] + 100
m /z  215
m /z  107
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T ab le  91. Mass s p e c t r a l  da ta  for com ponent l_ =3191 id e n t if ie d  as
1135g-cholestan~3 3~yl ace ta te
m /z Io n  ty p e oo
430 [ M ] +‘ 25
415 [ m +* - c h 3 ‘ ] 4
370 [M +* -A c O H ] 25
355 [M +‘ - A cO H -C H 3 *] 25
316 [M + ‘ -A c O H -rD A -r in g  A ] 3
275 32
257 [M +* -A c O H -s id e  ch a in ] 6
230 *■C 17H 26-1
31
215 t C 16H 23J +
100
147 [ c u H i 5] + 42
107 [ C 8H 11] +
51
81 53
43 [ C ,H 7 ] + o r [C H 3C O ] + 58
m /z  230
m /z  147
264
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Table  92. Mass s p e c t r a l  da ta  for com ponent I = 3354 id e n t if ie d  as
3 3~ ac eto xy -27  ~n o r-5g -ch o les tan -3 (3—yl acetate
m /z Io n  typ e a0
430 [M ] +* 6
415 [ m +* - c h 3 *] 1
370 [M +* -A c O H ] 63
355 [M + ,- A cO H -C H 3 *] 17
343 7
317 [M +*-s id e  chain ] 4
315 5
290 [M+ '-1 4 0 ]  from  cleavage th ro u g h  
C -1 3 /1 7  and C -1 5 /1 6
10
275 290-15 13
257 [M +*-A c O H -s id e  ch a in ] 12
230 290-A cO H 32
215 [ C 16H 23] + 100
147 [ c h H 15] + 54
107 [ c 8k u ] + 58
43 [C H ,C O ] + 94
T able  93. C ap illa ry  GLC da ta
Compound I
5 a -c h o le s ta n -3 3 - y l acetate 3190
33- a c e to x y -5 a -c h o le s ta n -6 -o n e 3425
3 3-a c e to x y -5 orcholes ta n -7 -o n e 3390
33- a c e to x y -2 7 -n o r-c h o le s t-5 -e n -2 5 -o n e 3341
33- a c e to x y -2 7 -n o r-5 a ~ c h o le s ta n -2 5 -o n e 3352
C ond itions as in  T ab le  87
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T able  94. Mass s p e c tr a l  d a ta  for component (I = 3430) p rov is iona lly
id e n tif ie d  as a 3 3 -a c e to x y -5 g -c h o le s ta n e d io n e  (scan 46) 
(C 29H 46°4>
m /z Io n  typ e o0
458 [M ] + * 42
443 [ m + , - c h 3 ' ] 100
415 [M + , -4 3 ] 9
398 [M  + '-A c O H ] 8
383 [M + , - A cO H -C H 3 *] 21
345 [ M + * -s id e  chain ] 30
290 '■C 18H 26°3-'
37
285 £C 19H 2 5 ° 2 1 + 8
231 [ c 15H 1 9 ° 2 ] + 19
107 [ C 8H 11] + 70
43 [ C 3H ?] + or [C H 3C O ] + 97
270
C onclu d in g  Section
In  an a ttem p ted  o x id a tiv e  cyc lisa tion  o f 2 5 -h y d ro x y -5 a -la n o s t-  
8 -e n -3 3 - y l  acetate  using  eerie  ammonium n it r a te ,  th e  m ajor p ro d u c ts  
re s u lte d  from  o x id a tio n  at the  a lly lic  p o s itio n s , and in c lu d e d  an in te re s t ­
in g  n itro g e n o u s  p ro d u c t. A b e tte r  s u b s tra te  w ould be the s a tu ra te d  
s te ro id , 2 5 -h y d ro x y -5 a -la n o s ta n -3 3 ~ y l ace ta te . H o w e v e r, th e  s yn th es is
Q
of th is  d e r iv a t iv e  w ould re q u ire  C rO ^ o x id a tio n  to g ive  the  A - 7 ,1 1 -
g
d ik e to n e , fo llow ed b y  B irc h  re d u c tio n  of the  A -d o u b le  bond  and f in a lly  
W o lff-K is h n e r  (o r  H u an g -M in io n ) re d u c tio n  of th e  7 - and th e  s te r ic a lly  
h in d e re d  11 -ke to n e  g ro u p s . I t  was also shown th a t th e  same ty p e  o f 
o x id a tio n  p ro d u c ts  w ere form ed when 5 a - la n o s t-8 -e n -3 3 - y l  acetate  was 
su b je c te d  to the  CAN co n d itio n s .
As m entioned in  Section 3 .4 , the  fu n c tio n a lisa tio n  of th e  C -3 0  
m eth y l g roup  in  lan o stero l is im p o rtan t fo r  the b io syn th es is  o f c h o les te ro l. 
F u n c tio n a lis a tio n  o f 7 a -h y d ro x y -5 a -la n o s ta n -3 3 _y l acetate  was ach ieved  
u s in g  P b (O A c )^  and eerie  ammonium n itra te  w h ereas , u n d e r more re a c tiv e  
c o n d itio n s , w ith  P b ( O A c ) ^ /^ /h v  gave a v a r ie ty  of o x id a tio n  p ro d u c ts .
I f  tim e p e rm itte d , o th e r ox id is in g  a g e n ts , such as t r iv a le n t  iod ine  spec ies , 
e .g .  P h K O A c )- ,,  w ould  have been used to a ttem p t these o x id a tiv e
■ u
c y c lis a tio n s .
U n d e r th e  tem plate d ire c te d  ra d ic a l re la y  c h lo r in a tio n , in t r o ­
duced  b y  B res lo w , 3 -p y r id y lm e th y l-3 a -a c e to x y -5 3 -c h o la n -2 4 -o a te  gave  
a m ix tu re  o f ch lo rin a ted  p ro d u cts  w hich w ere  fo u n d  d if f ic u lt  to s e p a ra te .
A m ore r ig id  tem plate is re q u ire d  w here th e re  a re  small num bers  o f  
"degrees  o f freed o m ". One p o s s ib ility  may be the  3 -p y r id y la c e ta te  
e s te r  a ttach ed  to the  7a-O H  position  in  the  b ile  acid  s e rie s . T h is
271
d e r iv a t iv e , m e th y l-3 a -a c e to x y , 7 a -( 3 -p y r id y la c e to x y ) -5 3 -c h o la n -2 4 -o a te ,
w ould  th en  be able to d e liv e r  a ch lorine  atom to the  C -1 7  p os ition  w h ich
17(20)could th en  be d eh y d ro c h lo rin a te d  to g ive  a m ix tu re  o f th e  A and
A "^ -o le fin s  o Rem oval of the  s te ro id  s id e -c h a in  could th en  be eas ily  
e n v is a g e d .
I t  was shown th a t the C rO ^ o x id a tio n  of 5 a -a n d ro s ta n -3 $ -y l  
aceta te  p ro d u ces  3 $ -a c e to x y -5 a -a n d ro s t-1 4 -e n -1 6 -o n e  and 3 $ -a c e to x y -  
5 o ra n d ro s ta n -l6 -o n e  as the major p ro d u c ts , w hereas sim ilar o x id a tio n  of 
5a- c h o le s ta n -3 $ -y l acetate  g ives deg rad ed  s tero id s  as th e  m ajor p ro d u c ts . 
F u tu re  w o rk  in  th is  area w ould in vo lve  using  o th e r o x id is in g  a g e n ts , such  
as th e  G if  system  or MMPP (c a ta lyse d  b y  m anganese p o rp h y r in s )  b o th  
kn ow n to  o x id ise  u n a c tiv a te d  po s itio n s .
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T ab le  75 . Mass s p e c t r a l  d a ta  for 3 8 - a c e to x y - 5 g - a n d r o s ta n - l l - o n e
U  = 2 4 8 4 )112,113  
SAMP 1 162
m /z Io n  typ e 00
332 CM] +* 2
272 [M + ‘ -A c O H ] 42
257 [ M + ' - A c O H - C H 3 ] 10
218 [M ’ -A c O H -rD A  r in g  A ] 44
177 cleavage th ro u g h  C -9 ,1 0  and C -5 ,6 68
164 cleavage th ro u g h  C -6 ,7  and C -9 ,1 0
|
30
147 cleavage th ro u g h  C -8 ,1 4  and C -9 ,1 1 35
(A + B )
124 cleavage th ro u g h  C -8 ,1 4  and C -9 ,1 1 11
(C + D )
107 [C 8h 4] + 12
105 13
95 37
81 67
43 [C H ,C O ] + 100
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T able  76 . Mass s p e c tr a l  da ta  for 3 $ -ace to x y _5a- a n d ro s ta n -1 6 -o n e
( I  = 2586) 113 >114 
SAMP 4 160
m /z Io n  ty p e 0.0
272 [M + * -A c O H ] 100
257 [M + , -A cO H -C H 3 ] 43
243 3
201 6
200 6
218 [M + ‘ -A c O H -rD A  r in g  A ] 100
203 [M + * -A c O H -rD A r in g  A -C H ^ ’ ] 30
189 13
176 9
162 11
147 12
121 34
108 [ C 8H 121+‘ [d] +*' 56
93 46
91 26
81 49
43 [C H ,C O ] + 92
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T ab le  77 . Mass s p e c t r a l  d a ta  fo r  33- a c e to x y -5 a -a n d ro s ta n -1 7 -o n e
11 8
(I_ = 2584)
m /z Io n  ty p e a0
332 [M ] +* n
317 [M + * -C H 3 *] l
314 [ m + , - h 2o ] 3
293 4
288 [M + ,- C H 3C H O ] 6
281 7
272 [M +‘ -A c O H ] 100
257 [M + * - A cO H -C H 3 *] 22
218 [M  + * -A c O H -r in g  A ( r D A ) ] 80
216 [M -r in g  D -A cO H 17
201 [M -r in g  D -A c O H -C H 3 ‘ ] 19
190 14
147 43
108 38
73 36
43 [C H 3C O ] + 34
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T able  78. Mass sp e c tra l  da ta  for 3 3 ~ ace to x y -5 q -a n d ro s tan -1 2 -o n e
1 1 3
U  = 2589) 
SAMP 5 160
m /z Io n  ty p e 00
332 [M + # ] 4
317 [ m + ,- c h 3 ‘ ] 2
314 [ m + , - h 2o ] 6
272 [M + * -A c O H ] 56
257 [M + , -A c O H -C H 3 f ] 9
218 [M + ‘ -A c O H -rD A  r in g  A ] 16
147 24
108 30
81 58
43 [ c h 3c o ] + 100
281
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T a b le  7 9 . Mass sp ec tra l data  fo r 3 g -a c e to x y -5 a -a n d ro s ta n -7 -o n e
118
U  = 2540)
SAMP 2 164
m /z Io n  ty p e 0t>
332 [M ] +* 45
317 [ m + ,- c h 3 ‘ ] 2
272 [M + * -A c O H ] 7
249 10
178 cleavage th ro u g h  C -5 ,6  and C -9 ,1 0  (C + D ) 100
163 [ c H H 1 5 ° ]  + 21
135 [C 10H 15] 69
121 20
95 51
81 41
43 [C H 3C O ]+ 80
m/z 135
OH
m/z 163
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T ab le  80. Mass s p e c tr a l  da ta  for 5a, 1 4 g -an d ro s tan -1 5 -o ne
U =_2206)111,113
SAMP 2 74
m /z Io n  typ e 0.0
274 [ M ] + ‘ 78
259 [M + --C H  ' ] 34
245 [ m +' - c 2h 5 ] 24
217 [M +'- 5 7 ]  [ C 16H 25] + 30
190 [ C 14H 27] 28
189 [ c 14H 2 i ]  + 27
151 14
109 1s t 49
97 I Q .
OH
100
m/z_ 
217 tot? t C16H25]
190 [C 14H22]
189 [C 14H21]
+ .
m ultip le  b and  ru p tu re s
m/z 151
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T able  81. Mass sp e c t r a l  d a ta  fo r  5g, 14g-and ros tan~ 15-one  (I_ = 2182)
SAMP 2 67
m /z Io n  ty p e oO
274 [M ] +* 26
259 [M +* -C H 3 t ] 40
241 [ m + , - c h 3* - h 2o ] 5
149 [ C 11H 17]
22
97 [ c 6h 9o 100
T a b le  82. Mass s p e c tra l data  fo r  3 3 ~ a c e to x y -5 g -a n d ro s ta n -1 2 -o n e  
m eth y l oxime (I_ = 2597)
SAMP 7 159 one isomer
m /z Io n  ty p e
o0
361 [M ] + ‘ 5
346 [ m + , - c h 3 *] 10
330 [ m + , - o c h 3 i 77
316 [ m + ‘ - ( n o c h 3) ] 14
270 [M + ' - A cO H -O C H 3] 12
140 51
81 100
43 [ c h 3c o ] + 98
111,113
GLC d a ta  fo r  r e fe re n c e  com pounds ( 5a_a n d ro s ta n e s  an d  a n d ro s t -5 - e n e s )
Compound r.O V-1  
— 215°C AI 33-O H  -+ 33 -O A c
5cran d ro s tan e 2050
5 o ra n d ro s ta n -3 3 _ol 2270 -s
> + 1 3 0
5 a -a n d ro s ta n -3 3 - y l acetate 2400
3 3- h y d ro x y -5 a -a n d ro s ta n -  17-one 2480 I
L + 140
3 3- a c e to x y -5 a -a n d ro s ta n -1 7 -o n e 2620 I
33- h y d ro x y -a n d ro s t-5 -e n -1 6 -o n e 2470
> + 130
33 - a c e to x y -a n d ro s t-5 -e n -1 6 -o n e 2600 i
a n d ro s t-5 ~ e n -3  3- ol 2260 1
>  + 130
a n d ro s t-5 -e n -3 3 ~ y l acetate 2390 J
3 3- a c e to x y -5 o ra n d ro s t-  1 4 -e n - 16-one 2730
3 3 ~ h y d ro x y -5 a -a n d ro s ta n - 7 , 17-d ione 2645 1
> + 105
3 3 ~ a c e to x y -5 a -a n d ro s ta n -7 , 17-d ione 2750 J
5a~ a n d r o s t -2 -e n -17-one 2250
C olum n: 6 f t  1% O V -1  at 215°C
C a r r ie r  gas: ^  40 m l/m in
D e te c to r: F ID
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